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COMPUTER-AIDED SPACE SHUTTLE ORBITER 


WING DESIGN STUDY 

By W. Pelham Phillips, John P. Decker, Timothy R. Rau, 

and C. R. Glatt* 

Langley Research Center 
SUMMARY 

An analytical and experimental investigation has been made to define a space 
shuttle orbiter wing configuration meeting the requirements for landing performance, 
stability, and hypersonic trim for a specified center -of -gravity envelope. The analytical 
part of the study was facilitated by the use of the Optimal Design Integration system 
(ODIN). Limited experimental studies were made in the Langley low-turbulence pres- 
sure tunnel and the Langley continuous -flow hypersonic tunnel to verify the aerodynamic 
characteristics of the orbiter configuration selected analytically. 

Use of the ODIN system greatly simplified the handling of analytical data while 
maintaining compliance with the space shuttle general vehicle requirements and allowed 
the expedient selection of a desirable wing planform. The analytical aerodynamic 
estimates obtained by using the ODIN system were in reasonable agreement with experi- 
mental results obtained subsequently for the orbiter configuration selected. The ana- 
lytical study suggested reductions in wing sweep to produce a minimum -wing -area 
(minimum-weight) configuration. Reductions in wing area and sweep also enhanced the 
high-angle-of-attack trim capability at hypersonic speeds. This trend, however, was 
constrained by entry heating considerations to preclude wing-leading-edge sweep angles 
below 45°. Hypersonic considerations of elevon size effects redirected the study toward 
unsweeping the wing trailing edge to provide increased trimmed angle-of-attack capability 
for a 46. 8° swept-wing configuration which satisfied the guideline subsonic flight require- 
ments. The analytically selected orbiter configuration required minor experimental 
wind-tunnel refinements to provide a viable orbiter configuration. The primary refinement 

*Aerophysics Research Corporation, Hampton, Va. 


was the addition of a small planform fillet to increase lift coefficients at landing atti- 
tudes. Significant reductions in lift-drag ratio losses due to the addition of attitude 
control propulsion system wing-tip pods were attained by tailoring the external shape of 
pods designed to house the roll-attitude control system. The use of sequentially deflected 
segmented elevons improved subsonic trimmed lift-drag ratios which may be beneficial 
to landing -approach glide-slope performance. 

INTRODUCTION 

As the space shuttle program has matured, significant effort has been devoted to 
reductions in system weight resulting, in turn, in a smaller orbiter vehicle. The payload 
weight and volume requirements remained fixed, however, and the variations in potential 
payload centers of gravity exert an increased influence on the flight characteristics of the 
smaller vehicle. In addition to wide center -of -gravity excursions due to the various 
payloads, other interacting requirements such as a maximum allowable landing speed, 
acceptable unaugmented low-speed flying qualities, and stable hypersonic trim at high 
angles of attack present a formidable challenge to aerospace design. 

Definition of a near -optimum design solution to these conflicting requirements 
within a reasonable time frame requires the rapid examination of a large number of con- 
figuration variables. Studies of means to automate design problems such as these have 
resulted in the formulation of an Optimal Design Integration system (ODIN) described in 
reference 1. The derived system is a unique approach to design synthesis in that it 
allows interactive operation of existing analysis programs representing the various 
problem-related technology areas. This paper presents the results of an initial utilization 
of this approach. 

In the present study an existing orbiter design with known weight characteristics 
but unacceptable aerodynamic performance served as a baseline and the body, tail, and 
internal arrangement were held constant. The ODIN system was utilized to determine 
rapidly a wing configuration meeting the system requirements insofar as possible at a 
minimum weight. The aerodynamic characteristics of the analytically derived configu- 
ration were verified by experimental studies at subsonic and hypersonic speeds. 

Also included in the subsonic experimental studies were the effects of a wing leading- 
edge planform fillet, wing twist, and the use of segmented elevons. The effects of wing- 
tip-mounted attitude -control propulsion system pods were also determined at subsonic 
speeds. 


2 



SYMBOLS 


Values are given in both SI and U.S. Customary Units. The measurements and cal- 
culations were made in U.S. Customary Units. 

A aspect ratio 

c mean aerodynamic chord, meters (ft) 


drag coefficient, 


Drag 

Qoo^ref 


lift coefficient, 


‘loo^ref 


pitching-moment coefficient, Pitching moment 

^oAef 5 

3C 

static longitudinal stability level based on c, -*, m 

8Ct 


normal-force coefficient, 


•loo^ref 


x wing 


incidence angle of wing, deg 


lift-drag ratio 


length of fuselage, meters (ft) 


Mach number 


free-stream dynamic pressure, newtons per meter 2 (lb/ft 2 ) 


free-stream Reynolds number based on l 


S e ievon elevon area, meters 2 (ft 2 ) 


wing reference area, meters 2 (ft 2 ) 
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V m in des minimum flying speed at design conditions and or = 17°, knots 

x,y coordinates of exposed reference wing planform (origin at exposed root chord 

leading edge) 

x ro . center -of -gravity location from nose of vehicle 

x wing location of exposed wing leading-edge root chord from nose of vehicle, 

meters (ft) 

XSF scale factor for x-ordinates of exposed wing planform 

YSF scale factor for y-ordinates of exposed wing planform 

a angle of attack, deg 

6 e elevon deflection angle, deg 

X taper ratio 

Aj e leading-edge sweep angle, deg 

A te trailing-edge sweep angle, deg 

Subscripts: 


e l> e 2> e 3 


des 


max 


inboard to outboard elevon segments 

design conditions 

maximum 
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min 


minimum 


trim trim conditions 

Abbreviations: 

ACPS attitude control propulsion system 

BW p V 2 body-plane (untwisted) wing-large vertical tail (subsonic model) 

BW t V 2 F body-twisted wing-large vertical tail -fillet (subsonic model) 

BWpVj body-plane (untwisted) wing-small vertical tail (hypersonic model) 

Design P/L design payload condition (18 144 kg (40 000 lb) at payload bay centroid) 
JSC NASA Johnson Space Center 

Mod modified 

ODIN Optimal Design Integration system 

Pi semifaired ACPS tip pod design 

P 2 fully tailored ACPS tip pod design 

P/L out payload -out condition 

TPS thermal protection system 

Wj to W 35 wing designations 

W/40K PL with 18 144 kg (40 000 lb) payload at payload bay centroid 
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METHOD OF ANALYSIS 


An existing orbiter design, designated the 040A (ref. 2), of known weight character- 
istics with aerodynamic performance characteristics unacceptable relative to established 
criteria, was used as a baseline configuration. The body, vertical tail, and internal 
arrangement were held constant and the ODIN system was utilized to determine a wing 
geometry and location to meet the system requirements in the longitudinal mode. Use of 
the ODIN system allowed rapid perturbation of the orbiter wing geometry by directing the 
sequential execution and data retrieval from a selected group of analytical programs. 

The specific programs were chosen to provide pertinent information representing the 
technology areas of subsonic and hypersonic aerodynamics, stability and control, weight, 
balance, geometry, and graphics. 


Analysis Criteria 

The guidelines established for the wing design study (see table I) were in accord 
with those outlined and/or implied by the general vehicle requirements of the space shuttle 
program. The orbiter geometry and accompanying weight statement used as a study base- 
line are indicated in table II and table HI, respectively. The design criteria are further 
depicted on the design envelope of payload loadings for the orbiter shown in figure 1. 

The requirement of a minimum design speed of 150 knots or less is shown for an 18 144 kg 
(40 000 lb) payload located at the half-length station of the payload bay. This payload 
loading represents the maximum return payload anticipated in its most forward location 
in the payload bay. Minimum design speed (V m ( n c j es ) is used herein to denote the 
level flying speed at a = 17° and sea-level standard day conditions for an orbiter having 
the design payload loading. Additional design criteria included stable subsonic static 
margin and high-angle-of-attack trim capability (a ma x = 50 °) hypersonically over the 
center-of-gravity range dictated by the payload envelope. 

Parameters descriptive of these criteria, along with descriptive weights and 
geometry data, were output in the ODIN summary reports for each wing design and are 
included herein as an appendix. Pertinent information for the wings is summarized in the 
appendix. These summary reports enabled the user to determine the wing having the most 
desirable characteristics. 
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TABLE I.- ANALYSIS CRITERIA 


Baseline orbiter configuration: 

JSC-040A geometry (ref. 2) 

040A weights (table II) 

Orbiter design criteria: 

Subsonic: 

(a) C m /C L (All payloads) ^ 0 

(b) V m [ n>c j es (Design payload) ^ 150 knots at q = 17° 
Hypersonic: 

(a) of m ax, trim (Design payload) = 50° 

(b) A le = 45° 


TABLE II.- BASELINE GEOMETRY 
[XSF = YSF = l.o] 

Overall configuration: 

Area, planform, m 2 (ft 2 ) 346.0 (3723.0) 

Length, nose to wing leading edge at body, m (in.) 15.765 (620.68) 

Length, nose to wing c/4, m (in.) 22.453 (883.97) 

Angle, ground plane, deg 17.00 

Fuselage: 

Area, wetted, m 2 (ft 2 ) 586.2 (6307.0) 

Length, nose to end of body, m (in.) 33.401 (1315.0) 

Wing: 

Area, reference, m 2 (ft 2 ) 293.3 (3155.8) 

Area, elevon, m 2 (ft 2 ) 42.33 (455.52) 

Span, m (in.) 22.403 (882.00) 

Chord, mean aerodynamic, m (in.) 15.485 (609.63) 

Chord, center-line root, m (in.) 22.787 (897.14) 

Chord, tip, m (in.) 3.386 (133.32) 

Taper ratio, theoretical 0.14860 

Aspect ratio, theoretical 1.7118 

Aspect ratio, exposed span 1.5882 

Angle, leading-edge sweep, deg 59.998 

Angle, trailing-edge sweep, deg 0.0 

Angle, dihedral, deg 7.0 

Angle, incidence, deg 15 

Airfoil section, root NACA 0008-64 

Airfoil section, tip NACA 0008-64 

x wing> m (in.) 18.289 (720.04) 



TABLE III. - BASELINE WEIGHT STATEMENT 


Wing group, kg (lb) 6699.7 (14 704) 

Tail group, kg (lb) 1496.9 (3300) 

Body group, kg (lb) 16 391.1 (36 136) 

Induced environmental protection, kg (lb) 12 265.7 (27 041) 

Landing, docking, recovery, kg (lb) . 4301.0 (9482) 

Propulsion — ascent, kg (lb) 10 065.3 (22 190) 

Propulsion - cruise, kg (lb) 98.4 (217) 

Propulsion - auxiliary, kg (lb) 4140.9 (9129) 

Prime power, kg (lb) 1583.0 (3490) 

Electrical conversion and distribution, kg (lb) 1285.9 (2835) 

Hydraulic conversion and distribution, kg (lb) 440.0 (970) 

Surface controls, kg (lb) 1183.9 (2610) 

Avionics, kg (lb) 2501.6 (5515) 

Environmental control, kg (lb) 1397.1 (3080) 

Personnel provisions, kg (lb) 384.2 (847) 

Growth/uncertainty, kg (lb) 5305.2 (11 696) 

Dry weight, kg (lb) 69 509.9 (153 242) 

Personnel, kg (lb) 714.4 (1575) 

Payload, kg (lb) 18 143.8 (40 000) 

Residual and reserve fluids, kg (lb) 1376.2 (3034) 

Landing weight, kg (lb) 89 744.3 (197 851) 

ACPS propellant (entry), kg (lb) 3724.9 (8212) 

Entry weight, kg (lb) 93 469.2 (206 063) 


-i 40 000 


80xl0 3 



station 


30 000 


20 000 

Payload, kg 


J 10 000 




0 


Figure 1.- Payload envelope depicting loading and flight requirements 
for the space shuttle or biter. 
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Method 


The general programing arrangement within the ODIN system is shown in 
figure 2(a), and the detailed programing arrangement for this problem is shown in 
figure 2(b). After initialization, the geometry program calculated the geometric charac- 
teristics of a matrix of wings selected as reasonable perturbations from the baseline 
shape. This information was stored in the data base by the executive program DIALOG. 
The calculations then proceeded sequentially for each wing geometry. The necessary 
information needed to calculate wing weight was retrieved from the data base by utilizing 
the DIALOG program which also input these values into the weight programs. Weights 
were assigned to the fuselage structure, to the fuselage -contained components, and to the 
vertical tail and were held constant during the study. The structural and the thermal 
protection system weights of the wing were calculated by the methods described in 
reference 3. This process was repeated through the balance program which calculated 
the centers of gravity of the vehicle for the payload-in and payload-out conditions. The 


INITIALIZATION 


GEOMETRY 



(a) General programing arrangement. 

Figure 2.- Orbiter wing design problem formulation within the ODIN system. 
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(b) Programing arrangement. 

Figure 2.- Concluded. 

static margins and trimmed were obtained from the subsonic aerodynamics program 

(ref. 4). Static margins were obtained for payload-out and the design-payload conditions. 
The payload-out static margin was weighed against a target static margin of 0.03c ± 0.002, 
which assured longitudinal stability at the guideline subsonic flight conditions. If this 
condition was not met, the system adjusted the longitudinal position of the wing and per- 
formed an iterative looping back through the geometry, balance, and subsonic aerody- 
namics programs until convergence was attained. After the final subsonic static margin 
calculation, the hypersonic characteristics were calculated by using the methods outlined 
in reference 5. The graphics program was then used to depict the vehicle and plot the 
aerodynamic characteristics. A summary report provided the pertinent information such 
as wing geometry, the weight of the vehicle, the center-of-gravity locations, the minimum 
design speed, and the maximum hypersonic trim angle of attack and thereby completed the 
design calculations for a specific wing. 
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Study Variables 


The wing study variables were leading-edge sweep angle, aspect ratio, and exposed 
wing area. These parameters were varied by using x- and y-scale factors (XSF and 
YSF) to depict the exposed planform of a study wing which is represented by the dashed out- 
line in figure 3 (that is, a wing planform having XSF = 0.9 and YSF = 1.3 has exposed 
root and tip chords equal to 0.9 times the exposed root and tip chords of the baseline wing 
and an exposed span equal to 1.3 times the baseline exposed wing span). The trailing- 
edge sweep angle was fixed (A te = 0°) and the taper ratio of the exposed wing was held 
constant for most of the study. To meet the subsonic static margin requirement, the 
longitudinal wing position x^^g was varied. For some of the wings considered in this 
study, Aj e and Sgjg V Q n were also varied. Twenty -five different wing planforms were 
considered in the initial matrix which covered a broad spectrum of possible wing designs. 
(See fig. 4(a).) 



The results of this matrix calculation were displayed in computer-generated maps 
of combined design and performance data (figs. 4(b) to 4(d)) which enabled rapid isolation 
of the effects of design variables. Based on the initial survey, 10 additional matrix points 
were added to indicate the desired configuration more clearly. 
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XSF 


(a) Matrix of wings considered. 

Figure 4.- Summary of geometric, weight, and aerodynamic characteristics. 

A te = 0°. 

The entire 35 wing matrix calculations required approximately 1 hour of computer 
time. Individual assessment by conventional means was estimated conservatively to 
require one-half man-year. 


Verification 

To complete the study cycle, models were constructed of the selected configuration 
to verify the estimated aerodynamic characteristics at both subsonic and hypersonic 
speeds. These models were then used to examine minor configuration improvements for 
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^le 
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YSF 


^ ref 

92987 kg 93255 kg We ‘ ght < Desi 9 n p / L) 


L 6(205 klb) (210 klb) 97523 kg (215 klb) 


(200 klb) 

uL 

88451 
1(195 


1.0 


,8 L 



604 m 2 
(6500 ft 2 ) 


511 


(5500 ft 2 ) 


232 m 2 9 325 m 2 _ 418 m 2 0 

(2500 ft 2 ) (3500 ft 2 ) (4500 ft 2 ) 

I 1 I i I 


.8 


1.0 1.2 
XSF 


1. 4 1 . 6 



l I I I I 

.8 1.0 1.2 1.4 L6 
XSF 


(b) S re f and landed weight. 


(c) A le and A. 


Vmin, des 
a max, hyp 

1.6 40° 35° 30° 

1.4 _ 


YSF 


12 L 



, 50°\ \ \ \ V 

10 \- VrV^ - 


TT \ \ \ 

55 \X\A-v 


150 knots 

160 knots 
180 knots 
200 knots 


_L 


J 


.8 1.0 1. 2 1. 4 1. 6 

XSF 


(d) Vmin,des & n cl Q! max, hyp- 
Figure 4.- Concluded. 


which analytical techniques are inadequate. The following section entitled "Apparatus and 
Tests" is devoted to the introduction of the experimental aspects of the study. 


APPARATUS AND TESTS 


Subsonic 

Model. - Details of the 0.01 875 -scale model used in the subsonic wind-tunnel design 
verification investigation are shown in figure 5(a). The model incorporated the analytically 
selected wing (W 33 (Mod), table IV) mounted on a similarly scaled 040A fuselage. (See 
ref. 2.) The model wing had a leading-edge sweep angle of 46.8°, a trailing-edge sweep 
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j.Uo 

( 1 . 339 ) 



(a) Subsonic model; BW T V 2 (0.01875 scale); S ref = 0.11067 m 2 ; 

A le = 46.8°; A te = -11.0°; A. = 0.135. 

Figure 5.- Model schematic views. All dimensions are in centimeters (inches) 

unless otherwise specified. 

of -11.0°, and an unswept elevon hingeline. The elevon tip chord was equal to 50 percent 
of the local wing chord. The basic (unfilleted) wing had an NACA 0008-64 airfoil section 
at the exposed root chord and varied linearly to an NACA 0012-64 section at the wing tip 
chord. Two basic wings identical in projected planform were utilized: a plane (untwisted) 

wing Wp with 1.5° incidence; and a twisted wing Wp having the same incidence at the 
exposed root chord and 4.5° washout. Trisegmented elevons were incorporated for the 
model wings. A 60° swept planform fillet could be added ahead of the wing leading edge. 
This fillet had a leading-edge radius of about 0.20 cm and a hand-faired section which 
was tangential with the basic wing section at the local maximum thickness stations. 
Addition of the wing fillet increased the exposed model wing area by about 8.5 percent. 
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TABLE IV.- SUMMARY DATA FOR SELECTED CONFIGURATION 
jpDIN summary data for W 33 (Mod)] 


Overall configuration: 

Area, planform, m 2 (ft 2 ) 

Length, nose to wing leading edge at body, cm (in.) 

Length, nose to wing c/4, cm (in.) 

Fuselage: 

Area, wetted, m^ (ft 2 ) 

Length, nose to end of body, cm (in.) 

Wing: 

Area, theoretical or total, m 2 (ft 2 ) 

Area, elevon, m 2 (ft 2 ) 

Span, cm (in.) 

Chord, mean aerodynamic, cm (in.) 

Chord, center -line root, cm (in.) 

Chord, tip, cm (in.) 

Taper ratio, theoretical 

Aspect ratio, theoretical 

Aspect ratio, exposed span 

Angle, leading-edge sweep, deg 

Angle, trailing-edge sweep, deg 

Angle, dihedral, deg 

Angle, incidence, deg 

Airfoil section, root 

Airfoil section, tip 

Weight 


Mass properties at flight condition: kg (lb) 

Orbiter landing (Design P/L) 90 541 (199 609) 

Orbiter landing (P/L out) 72 397 (159 609) 

Wing weight 7473.80 (16 476.8) 

Thermal protection system weight 12 258.96 (27 926.2) 

Principal parameters: 

x -scale factor, XSF 

y-scale factor, YSF 


Distance to leading edge of exposed wing, x w i ng , cm (in.) 
Landing performance: 

Minimum landing speed (Design P/L), knots 

Static margin (subsonic) (Design P/L) 

Static margin (subsonic) (P/L out) 

Trim Cl for landing (a = 17°) 

Hypersonic aerodynamic trim data: 

Trim angle of attack at elevon -45°, deg 


378.0 (4069.3) 
1655.32 (651,70) 
2267.71 (892.80) 

585.9 (6307.0) 
3340.1 (1315.0) 

314.67 (3387.1) 
63.06 (678.75) 
2756.9 (1085.4) 
1362.76 (536.52) 
2011.91 (792.09) 
270.92 (106.66) 

0.13465 

2.4154 

2.2896 

46.825 

- 11.0 

7.0 

1.5 

. NACA 0008-64 
. NACA 0008-64 


X Cg x cg/*> 

m (ft) percent 

21.7 (71.181) 64.96 

22.41 (73.523) 67.096 


0.80000 

1.3000 

1655.31 (651.70) 

150.2 

0.0804 

0.0280 

0.7715 

45.59 
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The vertical tail V 2 (ref. 2) had NACA 0012-64 airfoil sections. Semifaired and fully 
tailored wing- tip-mounted AC PS pods were included as model configuration variables 
p and P 9 , respectively. These pods were sized to represent the scaled volumetric 
requirement of the ACPS roll control. (See fig. 5(b).) 






Semifaired pods, 

Volume (2 pods) - 31 0 cm^ 



Fully tailored pods, P 2 
Volume (2 pods) ■ 31 0 cm^ 

(b) Wing tip roll ACPS pods (0.01875-scale model). 

Figure 5.- Continued. 

Tunnel.- Subsonic tests were conducted in the Langley low turbulence pressure 
tunnel which is a variable-pressure, single-return facility with a closed test section 
0.914 meter (3.0 feet) wide and 2.29 meters (7.5 feet) high. The tunnel is a low subsonic 
facility (M S 0.4) with the capability of Reynolds numbers per unit length up to about 
49.2 X10 6 per meter (15.0 X 10 6 per foot). 
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Test conditions .- The investigation was conducted at a Mach number of about 0.25 
and at Reynolds numbers from about 12.6 X 10® to 21.0 x 10®, based on the fuselage length. 
Test angle of attack was varied from approximately -3° to 20° at 0° sideslip. 

Measurements and corrections .- An internally mounted six-component strain-gage 
balance was used to measure aerodynamic forces and moments acting on the model. No 
base- or chamber-pressure corrections were applied to the data. Corrections have been 
applied to the angles of attack and sideslip to account for sting and balance deflections 
produced by aerodynamic load on the model. All pitching-moment coefficient data are 
presented about the moment reference point location shown in figure 5(a) unless otherwise 
specified. The subsonic longitudinal aerodynamic coefficients and angles of attack have 
been corrected for blockage and lift interference in accordance with the techniques out- 
lined in references 6 and 7. 


Hypersonic 

Model .- The hypersonic model was a 0.0075-scale model of the analytically selected 
configuration and is shown in figure 5(c). The model wing geometric features were simi- 
lar to the subsonic plane (untwisted) model wing. The vertical tail Vj was geometrically 
similar in planform to the 040A vertical tail Vj (ref. 2) and used NACA 0012-64 airfoil 
sections. 

Tunnel .- The hypersonic tests were made in the Langley continuous -flow hypersonic 
tunnel, which is designed to operate over a pressure range of 15 to 150 atmospheres 
(1 atmosphere = 101 325 N/m^) at temperatures up to 1090 K (1960° R). Air is heated 
by an electrical resistance multitube heater prior to entry into a water-cooled contoured 
nozzle which has a 79-cm-square (31 -inch-square) test section. Continuous operation 
is achieved by recirculating the air flow through a series of compressors. Reynolds 
number varies from 1.64 x 10® to 8.53 x 10^ per meter (0.5 x 10^ to 2.6 x 10^ per foot). 

Test conditions. - The hypersonic tests were conducted at a Mach numuer of about 
10.3, a stagnation pressure of about 50 atmospheres, and a test Reynolds number of about 
0.8 x 10® based on the fuselage length. Data were taken at angles of attack from approxi- 
mately 15° to 48° at 0° sideslip. 

Measurements and corrections .- Aerodynamic force and moment data were meas- 
ured by an internally mounted six-component strain-gage balance. The balance was strut 
mounted on an injection system assembly which inserted the model into the airstream. 
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(c) Hypersonic model; BWpV^ (0.0075 scale); S re f = 0.1771 m^; 

A le = 46.8°; A te = -11.0°; X = 0.135. 

Figure 5.- Concluded. 

Balance temperatures were continuously monitored to allow model retraction prior to 
overheating of the components. Angles of attack have been corrected to account for sting 
and balance deflections produced by aerodynamic loading. No base- or chamber-pressure 
corrections were applied to the data. The pitching- moment coefficient data are presented 
about the moment reference point location shown in figure 5(c). 

RESULTS AND DISCUSSION 

Analytical Results 

Effect of wing geometry on aerodynamics, weight, and performance .- Summary 
results from the initial 25-wing matrix (A^ = 0°) are shown in figure 4 and in the appendix. 
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The resulting configuration geometries, curves of constant landed weight, wing reference 
area, aspect ratio, leading-edge sweep, minimum design speed, and maximum hypersonic 
trim angle of attack are presented in figure 4. In order to satisfy the guidelines of the 
study, a wing is required to have the geometry specified at or above and to the left of the 
intersection of the 150-knot V m i n c j es curve with the curve for a hypersonic trimmed 
“max 50°. This projected intersection would occur at values of XSF and YSF of 
about 0.75 and 1.4, respectively, which represents an A> 3.0 wing configuration having 
a leading-edge-sweep angle less than 45°. (See fig. 4(b).) Entry heating considerations, 
however, which were used to establish the 45° minimum wing sweep boundary of table I 
precluded the further consideration of the aerodynamically desirable wing configurations 
indicated in figure 4. The nearby region containing wings having leading-edge sweep 
angles of 45° or greater was then investigated since it should contain the wing configu- 
rations most nearly conforming with the established guidelines and constraints. For this 
purpose 10 additional wing configurations were added to the initial matrix. Summary data 
for these additional configurations are presented in the appendix. 

Effect of elevon size and Ai e .- Figure 6 shows the effect of elevon chord increases 
on the hypersonic trim capability of the orbiter wings included in the study matrix. These 
results indicate that increasing the elevon area by about 4 percent of the wing area 
increases the maximum hypersonic trim angle from 6 ° to 8 ° for wings having reference 
areas between 210 and 330 (2260 and 3552 ft^). Figure 7 shows the effect of leading- 

edge sweep angle on the subsonic minimum design speed. The lower sweep angles allow 
the smaller wing areas to meet the subsonic requirement for a minimum design speed of 
150 knots. In addition, reduced wing areas yield increased hypersonic trim angle -of - 
attack capability as indicated in figure 6 . 

Configuration selection. - Two configurations W 27 and W 33 (see appendix) were 
selected from the study matrix for further analysis. These configurations exhibited 
values of XSF and YSF indicated in figure 4 and would most likely result in wing plan- 
forms capable of meeting the subsonic-hypersonic criteria without violating the 45 ° mini- 
mum sweep constraint. The configuration W 27 is defined in the appendix for values of 
XSF and YSF of 0.9 and 1.3 and configuration W 33 by XSF and YSF values of 0.8 
and 1.3. These two configurations were selected since each was considered to be margin- 
ally acceptable in satisfying the guidelines of the study regarding hypersonic trim and 
minimum design speed. As indicated in the index in the appendix (table V), V m ^ n d es 
for W 27 and W 33 were 151 knots and 154 knots, respectively. Also indicated are maximum 
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Figure 6.- Analytical effects of elevon size at hypersonic speeds 
for study wings. Aj e = 0°. 
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Figure 7.- Analytical effect of leading-edge sweep angle. 
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hypersonic trim angles of 40° and 46°, respectively, for the two configurations. At this 
point in the design cycle, improvements in the analytical aerodynamic characteristics 
as well as the introduction of empirical or experience factors are required to insure 
experimental compliance of the selected configurations with the established aerodynamic 
guidelines. For example, past comparisons with experiment have indicated higher ana- 
lytical values of subsonic Cl and hypersonic trim capability (ref. 8 ) than experimental 
results for delta wings of moderate aspect ratio and sweep. 

Reduction of V m i n) des to the 150-knot guideline value requires an increase in 
wing area for both configurations (W27 and W33); hypersonic trim requirements, on the 
other hand, dictated a decrease in wing area or that the wing be moved forward to reduce 
the level of longitudinal stability. The subsonic stability criteria constrained the forward 
wing movement for both wings and thereby precluded meeting the hypersonic trim 
guidelines. 

A possible solution to these conflicting requirements would be to increase the wing 
area slightly by using a negatively swept trailing edge and move the wing forward to 
comply with subsonic stability requirements and to achieve increased hypersonic trim 
capability. Additional benefits in hypersonic trim might also be realized by retaining the 
present elevon hingeline locations relative to the exposed wing to provide increased 
movable elevon areas. The effects of these modifications on wings W 27 and W 33 are' 
shown in figures 8 and 9, respectively. Analytical results for the W 27 modification 
indicate that the target V m i n c j es of 150 knots was achieved, whereas the hypersonic 
Q max, trim increased by only 1° to a value of 41°. Since the wing-forward movement 
was very slight, the corresponding increase in hypersonic trim angle was extremely small. 
(Compare fig. 8 (a) with fig. 8 (b).) Comparison of figure 9(a) with figure 9 (b) shows that 
these modifications of W 33 produced more desirable results. The value of V min des 
for the modified wing was reduced to 150 knots whereas hypersonic trim capability was 
extended to 49°. This wing configuration was selected for the experimental verification 
with one further modification; the elevon chords were arbitrarily reduced to improve 
structural integrity of the wing tips. The resulting configuration selected is shown in 
figure 10 and pertinent summary characteristics are shown in table fV. The analytical 
results indicated that the selected configuration met all the aerodynamic design require- 
ments outlined in table I with the exception of the maximum angle-of -attack hypersonic 
trim. Because of the reduced elevon area, the design exhibited a maximum trimmed 
angle of attack 4° less than the required value (50°). This deficiency could be eliminated 
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(a) A te = 0°; W 27 ; V min>des (Design P/L) = 151 knots; 
hypersonic a ma x,trim (Design P/L) = 40°; 

S ref = 312 m2 (3357 ft2). 



0 3 ) ^te - .0°; W 27 (Mod), ^min,des (Design P/L) = 150 knots, 

hypersonic <*max,trim (Design P/L) = 41°; Sj-gf = 328 m2 (3535 ft2). 

Figure 8.- Effect of trailing-edge sweep angle on wing W 27 . A^ e = 50.2°. 

by some fuselage nose reshaping (not considered in the wing study) which has been shown 
to provide a positive increment in pitching moment. (See ref. 9.) 

Subsequent experimental wind-tunnel studies using the selected configuration were 
made to validate these aerodynamic estimates and to demonstrate the aerodynamic develop- 
ment required to produce a satisfactory orbiter design. 

Experimental Results 

The basic longitudinal aerodynamic data obtained at subsonic and hypersonic speeds 
for the selected configuration are presented. The subsonic data are shown in figures 11 
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(a) A^ e - 0°; W 33 ; V m ^ n (jgg (Design P/L) = 154 knots; 
hypersonic a ma *,trim (Design PA) = 46°; 

S ref = 315 m 2 (2983 ft 2 ). 


■ 67. 9 m 2 
(731 ft 2 ) 


(b) A te = -11.0°; W 33 (Mod); V m i n> des (Design PA) = 150 knots; 
hypersonic ^maXjtrim (Design P/L) - 49°; S re f = 315 m 2 (3387 ft 2 ). 

Figure 9.- Effect of trailing-edge sweep angle on wing W 33 . A^ e = 46.8°. 

to 17 with hypersonic data in figure 18. The subsonic aerodynamic characteristics of the 
configuration selected are summarized in figures 19 to 22. Longitudinal aerodynamic 
characteristics obtained at hypersonic speeds are summarized in figure 23. 

Subsonic analytical and experimental comparisons .- A comparison of the analytical 
predictions with subsonic longitudinal aerodynamic characteristics obtained at high 
Reynolds number (Rj ~ 20 X 10®) in the Langley low turbulence pressure tunnel is shown 
in figure 19. The wind-tunnel and analytical data are in good agreement at low to moder- 
ate angles of attack. The pitch-down tendency which occurs at high angles of attack in the 
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Ain * 


46. 8° 
- 11 . 2 ° 


le 
^te 

s elevon 


A - . 135 

A - 2.4 

i ■ - 1 5° 

‘wing 


Payload out: 

Landed weight * 72398 kg (159609 lb) 
x cg “ 0. 67 U 

C mc ■ -0.028 c 

Design payload: 

Landed weight - 90542 kg (199609 lb) 
x cg - 0. 6501 

c mc L ‘ '°- 080c 
v min,des* a = = 150 knots 

“max, trim at hypersonic speeds - 46° 



Figure 10.- Configuration selected, W33 (Mod). 

experimental data was not predicted analytically because linear trends were assumed. 
This tendency reduces trimmed lift coefficient at high angles of attack below the level 
predicted and would result in an increase in minimum design speed of 12 knots for the 
design payload condition. 

Effect of planform fillet on subsonic characteristics. - In an attempt to alleviate the 
landing lift decrement, a wing leading-edge planform fillet was added to the subsonic 
model (figs. 5(a) and 20). The fillet provided sufficient lift at the higher angles of attack 
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Figure 11.- Effect of Reynolds number on the longitudinal aerodynamic characteristics 

of the untwisted wing configuration BWpV 2 - ^e = ^e = ^e = -10°. 

12 3 

to linearize the trimmed lift curve and provide a minimum design speed of about 150 knots. 
The addition of the fillet shifted the aerodynamic center of the configuration about 0.05c 
forward and required a rearward shift of the wing of about the same amount to keep the 
static margin of the configuration (payload out) at 0.03c. 
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C L 


Figure 13.- Effect of adding ACPS pods Pj on the aerodynamic characteristics of the 
untwisted wing configuration BWpV2- Rj ~ 20.0 x 10®. 








Figure 15 .- Effect of segmented elevon deflections on the longitudinal aerodynamic 

characteristics of the untwisted wing configuration with AC PS pods P2 on. BWpV2P2> 
Rj * 20.6 x 10 6 . 
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Figure 19.- Comparison of subsonic analytical aerodynamic characteristics 
with wind-tunnel experimental values for configuration BWpV^. 


Fillet 
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Figure 20.- Effect of the planform fillet on the subsonic aerodynamic 
characteristics of configuration BWrjV^. 
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Figure 21.- Some experimental effects of segmented elevons and wing 
twist on the trimmed subsonic aerodynamic characteristics. 


Pods off 
(BWpV2) 



a, deg 


Figure 22.- Experimental subsonic effects of 
wing-tip-mounted ACPS pods. 
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Figure 23.- Experimental hypersonic trim characteristics as compared 
to analytically obtained values for configuration BWpVp 


Effects of segmented elevons and wing twist .- The effect of varying spanwise deflec- 
tions of trisegmented elevons (more negative for the inboard segments) and wing twist on 
the longitudinal trim characteristics of the configuration is shown in figure 21. Use of 
variations in spanwise elevon deflections produced little or no increase in trimmed lift 
coefficients at landing angles of attack ( a > 15°) for the basic plane wing configuration. 
However, some increase in trimmed (L/D) max was noted for the configuration using 
variations in spanwise elevon deflection for trim. Only slight changes in trimmed lift 
coefficients were produced by incorporating linear wing twist (4.5° washout) in the sub- 
sonic model although some reductions in L/D are attributed to the introduction of wing 
twist for angles of attack near and above (L/D) max . 

Subsonic ACPS tip pod effects .- Significant degradations in trimmed lift-drag ratios 
have been associated with the addition of unfaired wing-tip-mounted ACPS pods to space 
shuttle orbiters (ref. 10). Figure 22 shows the (L/D) max decrement from reference 10 
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to be about 1.2 which would result in an approach glide-slope angle increase somewhat 
greater than 1°. An attempt was made to assess the effects of tailoring the ACPS pod 
external shape on L/D ratios. For this purpose, two wing-tip pod configurations were 
tested on the plane-wing configuration BWpV2 (fig. 5(b)) which fulfilled the volumetric 
requirements for roll- control ACPS. The two configurations represented semifair ed and 
fully tailored designs. Addition of the semifaired pod to configuration BWpV2 produced 
a trimmed (L/D) max decrement of about 0.7 (fig. 22) whereas the fully tailored fairing of 
the pods resulted in a decrement of only about 0.1. 

Hypersonic analytical and experimental comparisons .- The basic longitudinal aero- 
dynamic characteristics obtained for configuration BWpVj at M = 10.33 in the Langley 
continuous -flow hypersonic tunnel are shown in figure 18. A comparison of these data 
with the analytically predicted pitch trim characteristics is presented in figure 23. This 
experimental data comparison indicates a reduction of approximately 5° in maximum 
trimmed angle -of -attack capability for the configuration with 6 e j = 6 e 2 = ^eg = -45°; this 
reduction thereby produces an amax,trim of about 40° for the design payload condition 
(x C g jl = 0.650). Experimental effects of fuselage widening and of changing the fuselage 
nose camber (see ref. 9) indicate the necessity of only minor modifications to increase 
the trimmed hypersonic maximum angle of attack for the present configuration from 40° 
to 50°. Although no hypersonic data were obtained for configuration BWpV^F (incorpo- 
rating the planform fillet and the aftward wing movement), estimates of stability and 
control indicate the possibility of some improvement in hypersonic maximum angle-of- 
attack trim capability for this configuration. 

Summarization of vehicle performance characteristics. - During the course of the 
present analytical and experimental orbiter wing design study, a configuration BW-pl^F 
(incorporating a 0.03c aft wing movement) was developed which would essentially satisfy 
the established design guidelines. Figure 24 summarizes the experimental aerodynamic 
performance, stability, and control characteristics for this configuration. Stable subsonic 
static margins were found for the configuration throughout the envelope which are in accord 
with the preset study guidelines as is the V m i n)( j es value of 148 knots. 

Maximum hypersonic trim capability for configuration BWpVjF is estimated at 
“maxjtrim e 40° for the design payload condition. This value is approximately 10° less 
than the guideline value of 50° which might be attained with some fuselage nose reshaping 
and/or elevon resizing which would not adversely alter the subsonic flight characteristics. 
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Figure 24.- Summary of experimental performance characteristics 

for configuration BW T V 2 F as applied to the various landed payload 
loadings of the space shuttle. 


SUMMARY OF RESULTS 


An analytical and experimental investigation has been made to define a space shuttle 
orbiter wing configuration meeting requirements for landing performance, stability, and 
hypersonic trim for a specified center-of-gravity envelope. The analytical part of the 
study was facilitated by the use of the Optimal Design Integration system (ODIN). Limited 
experimental studies were made in the Langley low-turbulence pressure tunnel and the 
Langley continuous -flow hypersonic tunnel to verify the aerodynamic characteristics of the 
orbiter configuration selected analytically. Results are summarized as follows: 

1. Use of the ODIN system greatly simplified the handling of analytical data while 
maintaining compliance with the space shuttle general vehicle requirements and allowed 
the expedient selection of a desirable wing planform. The analytical aerodynamic esti- 
mates obtained by using the ODIN system were in reasonable agreement with experimental 
results obtained subsequently for the orbiter configuration selected. 

2. The analytical study suggested reductions in wing sweep to produce a minimum 
wing area (minimum weight) configuration. Reductions in wing area and sweep also 
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enhanced the high -angle -of -attack trim capability at hypersonic speeds. This trend, 
however, was constrained by entry heating considerations to preclude wing leading-edge 
sweep angles below 45°. Attempting to meet the hypersonic and subsonic guidelines 
directed the study toward using a negatively swept wing training edge to provide increased 
hypersonic trim capability and desirable subsonic flight characteristics. 

3. The analytically selected orbiter configuration required minor experimental 
wind-tunnel refinements to provide a viable orbiter configuration. The primary refine- 
ment was the addition of a small planform fillet to increase lift coefficients at landing 
attitudes accompanied by an aft wing movement. 

4. Significant reductions in lift-drag ratio losses due to the addition of attitude- 
control propulsion system wing-tip pods were attained by tailoring the external shape of 
pods designed to house the roll-attitude control system. 

5. The use of sequentially deflected segmented elevons improved subsonic trimmed 
lift-drag ratios which may be beneficial to landing-approach glide-slope performance. 

Langley Research Center, 

National Aeronautics and Space Administration, 

Hampton, Va. , January 18, 1974. 
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APPENDIX 


ANALYTICAL DATA 


The characteristics of the wings investigated are presented in this appendix. An 
index of these characteristics is presented in table V. 

TABLE V.- INDEX OF CHARACTERISTICS OF WINGS INVESTIGATED 


Wing 

x wing/^ 

Sref 

A le> 

deg 

^te> 

deg 

A 

Subsonic C m ^ 
(based on c) 

Vmin,des> 
knots 
(40K P/L) 

Hypersonic 

a max,trim> 

deg 

(40K P/L) 

XSF 

YSF 

s elevon 

— 

Page 

Sref 

m2 

ft 2 


P/L out 

40K P/L 

Wi 

0.5404 

207.0 

2228 

60.0 

0.0 

1.74 

-0.0282 

-0.0843 

204 

59 

0.8 

0.8 

0.131 

47 

w 2 

.4928 

258.7 

2785 

65.2 



1.39 

-.0282 

-.0759 

203 

45 

1.0 

.8 

.131 

48 

W 3 

.4517 

310.5 

3342 

68.9 



1.16 

-.0293 

-.0721 

204 

36 

1.2 

.8 

.131 

49 

w 4 

.4152 

362.2 

3899 

71.7 



.99 

-.0310 

-.0708 

206 

31 

1.4 

.8 

.131 

50 

w 5 

.3805 

414.0 

4456 

73.9 



.87 

-.0316 

-.0696 

207 

29 

1.6 

.8 

.131 

51 

W 6 

.5192 

234.5 

2524 

54.2 



2.14 

-.0290 

-.0870 

179 

53 

.8 

1.0 

.144 

52 

w 7 

.4718 

293.2 

3156 

60.0 



1.71 

-.0275 

-.0770 

177 

41 

1.0 

1.0 

.144 

53 

w 8 

.4335 

351.8 

3787 

64.3 



1.42 

-.0318 

-.0764 

178 

33 

1.2 

1.0 

.144 

54 

w 9 

.3942 

410.4 

4418 

67.6 



1.22 

-.0312 

-.0727 

178 

30 

1.4 

1.0 

.144 

55 

WlO 

.3586 

469.1 

5049 

70.2 



1.07 

-.0317 

-.0712 

178 

28 

1.6 

1.0 

.144 

56 

Wn 

.5074 

262.9 

2830 

49.1 



2.54 

-.0278 

-.0873 

161 

48 

.8 

1.2 

.155 

57 

w 12 

.4627 

328.6 

3537 

55.3 



2.03 

-.0288 

-.0798 

158 

37 

1.0 

1.2 

.155 

58 

W13 

.4243 

394.3 

4244 

60.0 



1.69 

-.0324 

-.0786 

158 

31 

1.2 

1.2 

.155 

59 

w 14 

.3842 

460.0 

4952 

63.7 



1.45 

-.0312 

-.0741 

157 

28 

1.4 

1.2 

.155 

60 

w 15 

.3486 

525.7 

5659 

66.6 



1.27 

-.0316 

-.0725 

157 

27 

1.6 

1.2 

.155 

61 

w 16 

.5010 

291.6 

3139 

44.7 



2.94 

-.0283 

-.0891 

147 

44 

.8 

1.4 

.163 

62 

w n 

.4563 

364.6 

3924 

51.1 



2.35 

-.0277 

-.0800 

143 

34 

1.0 

1.4 

.163 

63 

w 18 

.4179 

437.5 

4709 

56.0 



1.96 

-.0306 

-.0779 

142 

30 

1.2 

1.4 

.163 

64 

w 19 

.3796 

510.4 

5494 

60.0 



1.68 

-.0311 

-.0752 

141 

27 

1.4 

1.4 

.163 

65 

w 20 

.3431 

583.3 

6279 

63.2 



1.47 

-.0314 

-.0735 

141 

26 

1.6 

1.4 

.163 

66 

W 2 1 

.4973 

320.7 

3452 

40.9 



3.34 

-.0287 

-.0906 

136 

40 

.8 

1.6 

.169 

67 

w 22 

.4554 

400.9 

4315 

47.3 



2.67 

-.0287 

-.0821 

132 

32 

1.0 

1.6 

.169 

68 

w 23 

.4179 

481.0 

5178 

52.4 



2.23 

-.0324 

-.0810 

131 

28 

1.2 

1.6 

.169 

69 

W 24 

.3778 

561.2 

6041 

56.6 



1.91 

-.0310 

-.0762 

129 

27 

1.4 

1.6 

.169 

70 

w 25 

.3422 

641.4 

6904 

60.0 



1.67 

-.0312 

-.0745 

129 

26 

1.6 

1.6 

.169 

71 

w 26 

.4882 

279.7 

3011 

54.8 



2.08 

-.0278 

-.0817 

168 

44 

.9 

1.1 

.150 

72 

w 27 

.4791 

311.9 

3357 

50.2 



2.44 

-.0254 

-.0806 

151 

40 

.9 

1.3 

.159 

73 

w 28 

.4763 

344.4 

3707 

46.1 



2.79 

-.0272 

-.0837 

139 

37 

.9 

1.5 

.166 

74 

w 29 

.4417 

381.2 

4103 

55.7 



1.99 

-.0327 

-.0818 

150 

32 

1.1 

1.3 

.159 

75 

w 30 

.4572 

346,5 

3730 

53.1 



2.19 

-.0261 

-.0776 

150 

36 

1.0 

1.3 

.159 

76 

W 3 1 

.4846 

295.7 

3183 

52.4 



2.26 

-.0289 

-.0836 

159 

42 

.9 

1.2 

.155 

77 

w 32 

.4773 

328.0 

3531 

48.1 



2.62 

-.0261 

-.0819 

144 

38 

.9 

1.4 

.163 

78 

w 33 

.5046 

277.1 

2983 

46.8 



2.74 

-.0297 

-.0900 

154 

46 

.8 

1.3 

.159 

79 

w 34 

.5366 

233.1 

2509 

47.8 



2.87 

-.0286 

-.0940 

171 

59 

.7 

1.1 

.150 

80 

W35 

.5320 

214.7 

2311 

45.3 



2.71 

-.0289 

-.0949 

163 

57 

.7 

1.2 

.155 

81 

W 27 (Mod) 

.4773 

328.4 

3535 

50.2 

-7.0 

2.31 

-.0281 

-.0804 

150 

41 

.9 

1.3 

.183 

82 

W33 (Mod) 

.4955 

314.7 

3387 

46.8 

-11.0 

1 2.42 

-.0280 

-.0804 

150 

49 

.8 

1.3 

.216 

83 
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APPENDIX - Continued 


ODIN Wing W x 


I. UVEHALL CCNF ibUF AT ICiM 

mkEA, PLAMFCFM (SET) 

LENGTH, NUSE TO WING LE AT BCOY 
LENGTH, MJSE TO WING C/A 

ANGLE, G riCU M) PLANE *FtXFC* 


2 • FuSttAiE 

Aft E A , wETTEC *FIXEC« 

length * nose tu end uf buoy *fixec* 


3. Ml NG 

AREA, TFEUKETICAL OR TOTAL 

AREA* E LEVON 

SPAN 

CHuRC, MEAN AtkCDYNAMIC 
CHORD, LfcNTERLiNE ROOT 
CHuR 0 * TIP 

TAPER RATIO, TFEUkETICAL 
ASPECT RATIO, THEORETICAL 
ASPECT rvATIC, EXPuSEu SPAN 
A^Got, LEADING Euot SWEEP 
Ac^oL E , TkAIlING LDGt SWEEP 
ANGl E , DIHECk AL 
anGL h , INCIDENCE 
AIRFOIL SECT I CN , ROUT 
AiKFCIL St C T I UN t TIP 


*F I XE C* 
*PIXFC* 
*F TXEC* 
*F I XFC* 
* f i x e r * 


4* J 4 0 A '3 A S PROPERTIES 
HL I o FT CONDITION 
LlKtsI TER LNUG ( h/tOK PL ) 
ORB I TER UmDG (W/J PL) 

W I NG ^ E I G H T 
TPS WEIGHT 

3. PRINCIPAL PARAMETERS 
X-SCALt FACIlR 
Y-SCAlE FACTOR 
DISTANCE TU LEADING EDGE 


WEIGHT (LB) X-CG (FT) 

191590.2 70.881 

1 590 .2 73 . 2o 8 

12 4 9 3.5 
229 SO . 7 


SCI X = 
SCL Y = 

UF FXPOSEO Ml MG XOF = 


6. landing pcRhlrmance 

MINI RUM LANCING bP EE D (W/40K PL) 

STAT IC MARGIN (SUbSCNIC) (W/40K PL) 
STATIC MARGIN ( S J6SUNI C ) (W/0 PL) 

TftlM lIFT CLEF FUrs LANDING (ALPHA=17 DEG) 


7. HYPERSONIC AERGLYNAMIC TftlM DATA 

T K I M ANGLE OF ATTACK AT tLEVCN=-45 DEG 


2999.4 
710.02 IN 
903.27 TN 
17.00 DEG 


6307.0 SFT 

1315.0 IN 


2228.1 SFT 
291.53 SFT 
746.40 IN 
510.88 IN 
753.05 IN 
106.66 IN 
• 1 A 16 3 
1 .7364 
1.5882 
59.S98 DEG 
0.0 DEG 
7.0 DEG 
1.5 DEG 
008-64 
008-64 


X-CG (PC L) 

64.684 

66.863 


.80000 
. 8COOO 
710.023 IN 


203. 5 KT 
-.0843 
-.0282 
.6134 


58.59 DEG 
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APPENDIX - Continued 


ODIN Wing W 2 


I. OVERALL CCNF 1GURAT ICN 


AREA, PLANPCRM (SFT ) 

LENGTH, NOSE TO WING LE AT BODY 


3321.0 

648.44 

IN 

LENGTH, NCSE TO NiNG C/4 


890.00 

IN 

ANGLE, GROUND PLANE 

♦FIXED* 

17.00 DEG 

FUSELAGE 

AREA, WETTED 

♦FIXEC* 

6307.0 

SFT 

LENGTH, NOSE TO END OP BODY 

* F I XF C* 

1315.0 

I N 

WING 

AREA, TPEuRETICAL UK TOTAL 


2 7 8 5. 1 

SFT 

AKtA, ELEVON 


364.42 

SFT 

SPAN 


746.40 

IN 

CHUn C, McAN AERODYNAMIC 


638.60 

IN 

CHUR D, CENTERLINE RUOT 


941.31 

I N 

CHORD, TIP 


133.32 

IN 

taper ratio, theoretical 

ASPECT kATIC, THEORETICAL 
ASPECT RATIO, EXPOSED SPAN 

angle, leading ejuE sweep 


. 14163 
1.3891 
1.2705 
65.207 

DEG 

ANGLE, TRAILING EDGE SWEEP 

*F l XFC* 

0.0 

DEG 

angle, dihedral 

♦FIXED* 

7.0 

DEG 

angle, inc hence 

♦FIXED* 

1.5 

DEG 

A1KFLIL SECTION, ROOT 

* F I X F C* 

008—64 


AIRFCIL SECT ICN , TIP 

*F I XFC* 

008-64 



040A MASS PROPERTIES 
PLIGHT CCNOITIUN 
ORB ITER LNDG ( W/40K PLi 
UkBiTER LNDG (W/J PLI 
w I Ng ,,E IGhT 
IPS WEIGHT 


WEIGHT (LB) 

194150.0 

154150.0 
12594.4 
2 5 J 49 • 5 


X-CG (FT) 

71.624 

74.165 


X-CG ( PC L I 
65. 362 
67.681 


5. PMNCIPAL parameters 
A-SC AL E FACTOR 
Y-SCALE FACTOR 

DISTANCE TU LEADING EJut CF EXPOSED WING 


SCL X= 1.0000 
SCI Y= .80000 
XflE = t 48. 442 IN 


6. LANDING PE R f LkM ANCE 

MINI RUM LANLING gPEEU (W/40K PL) 203.3 KT 

5 TAT 1C MARGIN (SJoSGNlC) (W/40K PL) -.0759 

gTAT IC MARGIN (SUBSONIC) (W/0 PL) -.0282 

TRIM LIFT CLEF F Jk LANDING (ALPHA=17 DEG) .4980 

7. hypersonic aerodynamic trim cata 

TRIM ANGLE LP ATTaCK AT CLEVCN=-45 DEG 45.35 DEG 
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APPENDIX - Continued 


ODIN Wing W3 


1. UVEkAlL cunf igufatiln 

hK h A , PLANFLkK t SP T ) 

LENGTH, l\uSE TO WING LE AT BODY 
LENGTH, NOSE TO WING C/A 

ANGLE, GPCUNG PLANE *FIXED* 

2. FUSEcAGc: 

AREA, WETTED *EIXEC* 

LtNGTH, NOSE TO END OF BODY *FIXEC* 


3. WING 

AkEA, TEEOkETICAL UR TOTAL 
AREA » ELtVUN 
b P AN 

CHUKE, ^ c A N AEROUYNAM I C 
CHURC, CENTERLINE RUl*T 
Cnuk 0, TIP 

TAPE r< RATIO, TFEGkETICAL 
ASPECT RATIG, TbcJKETICAL 
ASPECT RAT I C , EXPuSEO SPAN 
A,*GlE, LEAUING EJGt SWEEP 
ANGLE, TRAILING EDGE SWEEP 
mhGL E , 0 THE LR AL 

ANGl E, I NCI LENCE 
AIkFUIL SECTILN, r\UU T 
«IKFCIL SECTIuN, TIP 


*F IXFC* 
* E I XEC* 
*F I XEC* 
*F IXFC* 
*F I XED* 


4. 04 0 A "IASS PROPERTIES 
PLiuhl CONDITION 
uRl3ITlk LNDG (W/40K PL) 
UKGI TtR INOG ( W/J PL ) 
w [ NG wE I Ch T 
TPS HEIGHT 


WEIGHT (LB) 
196 “129.0 
156729.0 
13 50 8.6 
27114.4 


X-CG (FT) 

72.551 

75.286 


5. PkINlIPAl parameters 

x-scale factor sclx= 

y-scale factor sclv= 

ul STANCE TU LEADING EDGE OF EXPOSED WING XCF= 

b. LANDING PEKFCRMANCE 

MINIMUM LANDING SPEED (W/40K PI I 
STATIC MARGIN ( SObSLNIC ) (U/40K PL I 

STATIC MARGIN (SUbSGNIC) (w/CJ PL) 

TRIM LIFT CLEF FUk LANDING (ALPFA=17 DEG) 

7. HYPfcrxSCUlC AtROLYNAMIC TRIM LATA 

TRIM ANGLE CF ATTACK AT ELEVnN=-45 DFG 


3642.6 
594.36 IN 
884.23 IN 
17.00 DFG 


6307.0 SET 

1315.0 IN 


334 2. 1 S FT 
437.30 SET 
746.40 IN 
766.32 IN 
1129.6 IN 
159.98 IN 
. 14 163 
1.1576 
1.0588 
68.947 DEG 
0.0 DFG 
7.0 DEG 
1.5 DEG 
008-64 
0 C 8-6 4 


X-CG (PC l ) 
66.208 
68.704 


1 .2000 
. 80000 
594.360 IN 


204. 1 KT 
-.0721 
-.0293 
.417? 


36.33 DFG 
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APPENDIX - Continued 


ODIN Wing W 4 


1. OVERALL CONFIGURATION 

AREA, PLANFLRM (SFT) 

LENGTH, NCSE TO WI NG LE AT BCDY 
LENGTH, NOSE TO WINb C/4 
AIMGL fcf GROUND PLANE 


35 6 4. 2 
546.17 IN 
88 A * 3 5 IN 
♦FIXED* 17*00 DEG 


2. FJScLAGE 

Ak FA, WETTED 

LENGTH, NOS L TO END OF BOGY 


♦Fl.XFC* 6307.0 SFT 

♦FIXED* 1315.0 IN 


3 . WING 

AkEA, THEORETICAL Ok TOTAL 

AREA, ELEVCN 

SPAN 

ChuKU, MEAN AERO JY NAM I C 

Churl, centerline koot 

CrtttoDt TIP 

TAPER RATIO, IFEUrxETiCAL 
ASPECT RATIO, TFcuRETiCAL 
ASPECT RATIO, EXPOSED SPAN 
A N G L C, i_ E A 0 1 N G 1 0 G l ShEEP 
ANUEt TRAILING EuGE SwEEP 
ANuLE, UiHELRAL 

angle, incidence 

aIkHCIL SECTlCNt r\UOT 

AIkFUL section, tip 


3099.1 SFT 
510.18 SFT 
746.40 IN 
894.04 IN 
1317.8 IN 
18b. 65 IN 
. 14163 
. 99223 
.50753 
71. 740 DEG 
♦FIXED* 0.0 DEG 

♦FIXED* 7.0 DEG 

♦ F I XF D* 1.5 DEG 

♦FIXFC* 008-64 

♦FIXED* 000-64 


4. 04 OA MASS PROPERTIES 
PL 1 0 HI 0CNU1T ICN 
Ut\b i TER LNDG (W/40K PL J 
OKU I TER LNDG l W/ J PL ) 

A i N g A EIGHT 
TPS WElGhT 


WEIGHT (1 HI 

159310.4 
L59310.4 

14021.4 
29 183.0 


X-CG (FT) 

73.656 

76.625 


X-CG (PC L) 

67.217 

69.926 


5. PRINCIPAL parameters 

X-SCALE FACTOR SCLX= 1.4G00 

Y-SCALE FACTOR SCLY= .8CC00 

ulsTANCt TU LEADING EDGE LF EXPOSED WING XUF=546.I65 IN 


Om LANDING PlRFCkMANCE 

MINIMUM LANDING SPEED ( W/ 40K PL) 

S I AT I L MARGIN ISUbSuNIC) (W/40K PL) 
STATIC MARGIN (SUBSONIC) U/C PI) 

TfsIM LIFT CLEF PJk LANDING (At.PHA^17 DEG) 


205.6 KT 
- • 0 7C 8 
-.0310 
. 3572 


7. HY Pt t\ SUN 1C AERULYNAMIC T*IM DATA 

TklM ANGLL CF ATTACK mT ELEVCN^-h5 UFG 


31.46 DEG 
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APPENDIX - Continued 


ODIN Wing W 5 


OVfcRALL CONF IGJMf ILM 


AREA, PLANFCRM (SET) 


4285. 8 


LENGTH, NOSE TO W I NG LE AT BCD Y 


5C0.27 

IN 

LENGTH, NUSE TO wING C/4 


886.77 

I N 

ANGL t, GROUND PLANE 

♦FIXED* 

17.00 DEG 

FUSELAGE 




AREA, WETTED 

*F IXFC* 

6307.0 

SET 

LENGTH, NO 5 E TO lND OF BODY 

* F I XEC* 

1315.0 

IN 

WING 




AREA, THEORETICAL OR TOTAL 


4456.2 

SET 

AREA, ELEVGN 


583.07 

SFT 

SPAN 


746.40 

IN 

CHORD, MEAN AERODYNAMIC 


1021.8 

I N 

CHORD, CENTERLINE RcGT 


1506. 1 

IN 

CHORD, TIP 


213.31 

IN 

TAPER RATIO, THEORETICAL 


. 14163 


ASPECT RATIO, . THEORETICAL 


.86820 


ASPECT RATIO, EXPGStD SPAN 


. 7S 40 9 


ANGLE, LEADING EQgE S*EEP 


73.896 

DEG 

ANGLE, TRAILING EuGE SWEEP 

♦FIXED* 

0.0 

DEG 

ANGLE, DIHEDRAL 

*F I XFC* 

7.0 

DEG 

ANGLE, incilence 

♦FIXED* 

1. 5 

DEG 

AIkFCIL SECTION, ROUT 

♦FIXED* 

008-64 


AIkFCIL SECTION, TIP 

*F I XEC* 

008-64 



OhOA MASS PPCPEPIIES 
PLIiihT CCNDITILN 
Or\ii 1 TER LNUG tW/^UK. PL) 
JKbl TER LNiOG ( k/J PL) 
WING HEIGHT 
TPS WEIGHT 


WEIGHT .(LB) 
201F 84.8 

101884.8 

14524 . 8 
31254. 1 


X-CG ( FT ) 

74.906 

78.136 


X-CG (PC U 

68.358 

71.305 


6. PRINCIPAL PARAMETERS 
X-SCAlE FACTCR' 

Y-SCALE FACTOR 

U I S f ANC E TO LEADING tOGE CF EXPOSEC wlNG 


SCL X= 1.6000 
S C L Y = .80000 
XUF = 500 .272 IN 


6. LAND I NG PEPFCkMANCE 

MINIMUM LANL1NG SPEED ( W/40K PL) 

STATIC MARGIN (SJoSUNIC) (W/40K PL) 
STATIC MARGIN { SUBSONIC ) ( W/C PL) 

TKIH LIFT CCEF FOR LANDING <AL*HA=17 CFG) 


206.9 KT 
-.0656 
-.0316 
.3125 


HYPERSONIC aerodynamic trim data 

TRIM ANGLF CF ATTACK AT ELEVCN=-45 DFG 


28.85 DFG 
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APPENDIX - Continued 


ODIN Wing W 6 


OVERALL CONFIGURATION 

AREA, PLANFCRM ( SF T ) 
LENGTH, NOSE TO wING 

LE AT BCDY 


3321.0 

682.59 

I N 

LENGTH, NCSE TO WING 

C/4 


P93.22 

IN 

ANGLE, uRCUNC PLANE 


*F I XEC* 

17.00 ! 

DEG 

FUSELAGE 

AREA, WETTED 


*F I XEC* 

6307.0 

SF T 

LENGTH, NOSE TO ENu 

OF BCDY 

*F I XEC* 

1315.0 

IN 


Wi NG 





AREA , 

THEORETICAL OR TOTAL 


2524.7 

SFT 

AREA , 

ELEVON 


364.42 

SFT 

SPAN 



882.00 

IN 

C H DR C f 

MOAN AERODYNAMIC 


487. 70 

IN 

C HUR C t 

CtNTEKLINc KGUT 


717.72 

IN 

CHUR 0, 

T IP 


106.66 

IN 

TAPE R 

RATIO, TFEOKET ICAl 


.14860 


ASPECT 

RATIO, THEORETICAL 


2.1398 


A SPE CT 

kATIC, LXPuSEO SPAN 


1.9852 


ANGL e * 

L t A u INC- EObb SWEEP 


54. 181 

OEG 

ANoL Et 

TRAIL1NC EJut SWEEP 

♦FIXED* 

0.0 

DEG 

ANGL E* 

C IhELRAL 

*F I XFC* 

7.0 

CFG 

AnGL E * 

I NCI CENCl 

*F I X EC * 

1. 5 

DEG 

AIkFOIL secticn, kjot 

* F l X E C* 

008-64 


AlRFCIL StCTlON , TIP 

*F I XFC* 

008-64 



h. GtOA MASS PRGPfcRTIES 
FLIGHT CONDITION 
OKB I TEH LNQC ( W/40K PL) 
OkBI TER LNDG l w/J PL) 
w 1 N u w E I C H T 
TPS WEIGHT 


WEIGHT (LB) 
194958. S 
154958.8 
14260.4 
24 5 9 2 m 4 


X-CG (FT) 
70,967 
73 . 325 


X-CG (PC L) 
64. 763 
66.915 


5. PkINCIPAL PAinAMETERS 

x-scale factcr 

Y-SCALE FACTCR 

DISTANCE TC LEADING EDGE UF EXPOSED Vy T G 


SCL X= • 8CC0 0 
$ C L Y = 1 .0000 
XL) F= 6 8 2 . 590 IN 


o • LANDING PtPECH MANGE 

tfINIMuP LANDING SPEED ( R/40K PL) 179.1 KT 

ST AT 1C ^ARolN (SJbSONIC) U/40K PL) -.0870 

STATIC MARGIN (SUbSUNIC) ( */C Pt) -.0290 

TRIM LIFT CLEF FuR LANDING (ALPHA=17 DEG) .7111 

7. NYPtRSJNlC AEkULYMPIC T^IM CATA 

TRIM ANGLc CF ATTACK AT LLfcVCN=-45 Dtb 53.21 QEG 
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APPENDIX - Continued 


ODIN Wing W7 


1. OVERALL ccnf igurat ILN 

AREA » PlAnFCRN (SFT) 

LENGTh, NGSE TP wINg LE AT BTUY 
LtNGTH, NCS L TO RING C/A 
ANGL E» GROUND PLAnE 

2. FUSE LAGt 

ARE At WETTED 

LtNuTh, NCSE TU END OF EUUY 

3. WING 

AREA, TFECRETiCAt OR TOTAL 

AREA, ELEVCN 

SPAN 

CHORD, MEAN AERODYNAMIC 
LHjRD, CENTERLINE ROUT 
o HOR L, TIP 

TAPER RATIO, IFEUKETICAL 
AiPeCT hATIC, THlUkETICAL 
AiPtCT RATIC, EXPOSED SPAN 

angle, leading tout sweep 

ANGLE, TRAILING EDGE SWEEP 
ANGLE, ClhECRAL 
/aIJGLE, INCIDENCE 
AIRFOIL SECT I C N , ROOT 
AIRFOIL SECTION, TIP 

4. 04 OA MASS PRCReRT 1LS 

FLIGHT CONDITION 
URgI TER LnOG (W/'+OK Pl) 

URblTEP LNDG Iw/U PL ) 

WING I GOT 
TP 5 WE I GET 


WEIGHT (LB) 
197850.1 
157E50. 1 
14703.5 
1 T040.6 


*F I XEC* 


*F IXEC* 
*F IXEC* 


*E I X EC* 
*E I XEC* 
*E I XEC* 
*f 1 XFC* 
*F I X F C* 


X-CG (FT) 
71 . 748 
74.260 


3 723.0 
620.68 IN 
883.97 IN 
17.00 DEG 


6 307.0 

SFT 

1315.0 

IN 

3155. 8 

SFT 

455*52 

SFT 

882.00 

IN 

604.63 

IN 

857.14 

IN 

133.32 

IN 

. 14860 


1.7118 


1.5882 


59.598 

DEG 

0.0 

DEG 

7.0 

DEG 

1.5 

DEG 

00 8-6 4 


008-64 


X-C G (PC 

L ) 

6 5.47 5 


67.768 



3. PRINCIPAL PARAMETERS 
A-SlAlE FACTOR 
Y-SCALE FACTOR 

DISTANCE TO LEADING EDGE OF EXPOSED WING 


SCL x= 1 .0000 
SCLY= l.OCOO 
X0F=62 0.678 IN 


o. landing eecelrmance 

MINIPjP LANCING gPEEG (W/40K PL) 176.9 KT 

iT AT IG MARGIN (SUBSONIC) («/40K PI ) -.0770 

i I AT 1C M Ac. o In (SUdSONIC) (W/0 PE) -.0275 

TRIM LIFT CLEF FuR LANDING (ALPF.A=I7 DtG ) .5917 

7. HV PE' - - S J I IG AERODYNAMIC TclM DATA 

TRIM ANgLE CF ATTACK AT ELtVCN=-45 DFG 40.83 OF G 
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APPENDIX - Continued 


ODIN Wing W 8 


1. OVERaLl CCNF IGUkAT II N 


l. 


3 . 


A a E A i PlANFCRM (SET) 


4125.0 


LENGTH, NOSE TO W 1 No LE at bcdy 


570.47 

IN 

LENGTH, NuSE TO WING C/A 


886 .42 

IN 

ANGLE, uFCUNU PLANE 

*FIXEC* 

17.00 DEG 

FUSELAuE 




AREA, NETTED 

*F I x£o* 

6307.0 

SFT 

LENGTH, ruse TO END OF BUOY 

* F I XfcC* 

1315.0 

IN 

WI NG 




AREA, T P EGR E T 1 L A<- UK TOTAL 


3787.0 

SFT 

AK t: A , c L E VO R 


546.63 

SFT 

SPAN 


882.00 

IN 

CHURO, MEAN AEKCJY NAMIC 


731.55 

IN 

GllORG, CENTtRLlNc RGuT 


1076.6 

IN 

CriOR G , TIP 


159.98 

I N 

TAPtR K A 1 1 0 , THEORETICAL 


.14860 


ASPECT k/TIO, THLuRET 1C Al 


1.4265 


ASPECT RATIO, EXPOSED SPAN 


1.3235 


ANoLt, LEADING EJjE sweep 


64.305 

DEG 

ANGLE, TRAILING EDGE SWEEP 

*F IXFC* 

0.0 

DEG 

ANGLE, GlHEUPAL 

*F I XE C* 

7.0 

DEG 

A.mGlc, IKOILENCL 

*F IXED* 

1.5 

DEG 

AIssFblL SECTION, r\OCT 

*F IXFC* 

008-64 


AIRFOIL ScCl ICN , TIP 

* F I XED* 

008-64 



UAOA MASS PR CPE FT IES 
t-LlGFiT CONDITION 
uRb ITER LiNOG (W/-tOK PL) 
U tJ i T t R LNDb ( tol / > J PL) 

V* 1 Nu WtiGHf 
f P b kE I b h T 


he I GHT (LB) 
200777.7 
160777.2 
15175.0 
29456. ;> 


X-f.G (FT) 

72.776 

75.498 


X-CG (PC L) 

66.413 

68.898 


P r INC I PAL PARAMETERS 
X— SC Al L FACTJk 
r-5CALh FAC TOR 

DISTANCE 1U LtAuiNG LUGE CF EXPOSED 9 1 ,sl G 


SCL X= L.2C00 
S C L Y = 1 .0000 
XGF=570.473 IN 


LAlMblNb PtRE CkM ANC fc 

MINI POP LANG I Kb SPEED U/4UK PI) 

STATIC PAhGIN ( Su'd SON I C ) U/40K PL) 

STATIC M Arc G i N (SJ65CN1C) tw/O PI) 

Tin I A LIFT CCEL FGrs LANDING (AIPHA=17 UEG ) 


177.5 KT 
-.0764 
-.0318 
.4969 


7. HV PER 5 JN 1C AEkULYNAMIC TRIM DATA 

T K I -A ANCLE LE ATTACK AT cLEVCN=— 45 f)tlj 


3 7.97 OF G 
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APPENDIX - Continued 


ODIN Wing W 9 


1. OVERALL CONFIGURATION 


AK E A » 

PLANFCRR (6FTJ 


4527.0 


L ENG T H 

, MJSE TU RING LE AT BCOY 


518.90 

IN 

LENG TH 

♦ NOSE TU A ING C/A 


887.50 

IN 

ANGL E* 

GROUND PLANE 

♦FIXED* 

17.00 DEG 

FU SEE AGE 





AREA , 

WETTEC 

*F IXEC* 

6307.0 

SFT 

L ENG TH 

, NOSE TO END UF BOGY 

♦FIXED* 

1315.0 

IN 

w I NG 





AREA , 

TFEORETICAL UR TUTAl 


4418. 1 

SFT 

Ak EA » 

LLEVGN 


637.73 

SFT 

SPAN 



882.00 

IN 

CHUR U 

MEAN AcRUOYNAMIC 


853.46 

IN 

CHUR C f 

CENTERLINE KU J T 


1256.0 

IN 

lhur d t 

T iP 


186.65 

IN 

TAPER 

RATIO , TPlJrET ICAL 


. 14860 


ASPECT 

RATIC, THEORETICAL 


1 .2227 


A S PE CT 

RATIC* EXPuSED SPAN 


1. 1344 


ANGL E. 

LEADING EDUt SWEEP 


67.588 

DEG 

ANGL Et 

TRAILING lDoE SWEEP 

*F I XFC* 

0.0 

DEC, 

A NGL E » 

0 lhEURAL 

♦FI XFC* 

7.0 

DEG 

AN GL E r 

I NCI LENCE 

*F I XFC* 

1.5 

DEG 

AlkF CIL SECT ION, kGOT 

♦FIXEC* 

008-64 


AiPFCIL StCTlONf TIP 

*F I XFC* 

008-64 



4. 04 OA M46S Pt'CPER TIES 

FLIGHT CCNJIT1CN 
URBITfcR lNOC ( w/40K PL) 

UK 31 TER LMJG C W/ J PL ) 
w I N v> WEIGHT 
TPS REIoFT 

5. PRINCIPAL PARAMETERS 

X-SCALb FACTOR 
Y-SCALL FACTOR 
DiSTANCc lu lEAOI.mG EDGE OF EXPOSEC RING 

6. LANDING PERFORMANCE 

MINIMUM LANCING iPEEO U/40K PL) 

STATIC MAkGIN I SJtS SuNl C ) (W/40K PL) 

STAT IC MAKGIN (SJjSONIC) ( W/H PI) 

Tri IM LIFT CLEF FOR LANDING <ALPHA=17 DEG) 

7 . HY PE t\SUN IC AEKOCYNAMC TRIM DATA 

TRIM ANGLE CF ATTACK AT ELtvCN=-45 DEG 


SC L X= 1.4000 
SCL Y= l.CCOO 
XCF=518.503 IN 


177.5 K T 
- .0 7? 7 
-.0312 
.4323 


29.60 DEG 


WEIGHT <L8) X-CG (FT) X-CG CPC l) 

203721.8 73.513 67.451 

163721.8 76.864 70.144 

15659.4 

3 1 9 5 o . 4 
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APPENDIX - Continued 


ODIN Wing Wio 


1. OVERALL CCNF IGURAT 1CN 

AKfcA, PLANFCRM (SET) 

LENGTH, NOSE TO WING LE AT bCDY 
LENGTH, NOSE TC WING C/A 
ANGLE, GROUND PLANE 


A529.0 
A72.06 IN 
893.31 IN 
♦FIXFC* 17.00 DEG 


2. FUSELAGE 

AREA, WETTED 

LENGTH, NOSE TO END OF BODY 


♦FIXEC* 6307.0 SFT 

*F I XEC* 1315.0 IN 


3. WING 

AREA, TFEURETICAL OR TOTAL 

At\ EA » ELEVGN 

SPAN 

CHURL, MEAN AERODYNAMIC 
CHORD, CENTERLINE ROOT 
CHORD, TIP 

TAPER RATIO, THEORETICAL 
ASPECT RATIO, TFEuRETICAL 
ASPECT tvATIO, EXPuSEU SFAN 
ANGLE, LEADING EJGt SWEEP 
ANGLE, TRAILING EuGE SWEEP 
ANGL E, DIHEDRAL 
ANGLt, INCIDENCE 
AIkFCIL SECTION, ROUT 
AIRFOIL SECTILN, TIP 


50A5.3 SFT 
728. 84 SFT 
882.00 IN 
575. AO IN 
1A35.A IN 
213.31 IN 
. LA860 
1.0699 
.59261 
70.157 DEG 
♦FIXEC* 0.0 DEG 

♦FIXED* 7.0 DEG 

♦FIXED* 1.5 OEG 

♦FIXED* 008-6A 

♦FIXED* 008-6A 


A. OAOA MASS PROPERTIES 
FLlcHT CONDITION 
URBITER LNOC (W/AUK PL) 
OKB I TER LNDG (W/G PL) 
h I NG W E I GHT 
TPS WcIgHT 


WEIGHT llil 
206672.3 
lt>66 / 2.3 
16 1 A 6 • 7 
3AA 19.6 


X-CG 1 FT ) 

75.231 

78.AA6 


x-r.G (pc i ) 

68 . 6 5 A 
71.588 


5. PRINCIPAL PARAMETERS 
X-oCALE FACTOR 
Y-SCALE FACTOR 

DISTANCE TO LlACING EDGE OF EXPOSED WING 


SCL X= 1.6000 
SC L Y= 1.0000 
XOF=A72.05fc IN 


b. LANDING PERFCRMANCE 

MINIMUM LANDING SPEED (w/<«OK PL) 

STATIC MARGIN ISUBSONIC) (W/AOK PL) 

STATIC MARGIN (SUBSONIC) (W/0 PL) 

TRIM LIFT CLEF FOR LANDING (ALPHA=17 DEG) 


178.2 KT 
-.0712 
-.0317 
. 38C 8 


7. HYPERSONIC AEbCCYNAMIC TRIM DATA 

TkIM ANGLE LF ATTACK aT ELEVCN=-A5 DEG 


27.57 DEC. 


56 



APPENDIX - Continued 


ODIN Wing Wii 


1. OVERALL CCNFicURATICN 

AkEA, PuANFCkM (SFT) 

LENGTH, MjSE TC WING LE AT BCDY 
LENGTH, NCSE TO WING C/A 
ANGLE, GROONL PLANc 

2 . FoSELAcE 

AkEA, NETTED 

LENGTH, NOSE TO tNO OF BODY 


3 • h 1 NG 

AREA, THEORETICAL OR TOTAL 
At- E A , ELEVCF 
SP *N 

CHURL, MEAN AERODYNAMIC 
ChckL, CENTEkLINl ROOT 
CHOkO, TIP 

TaPck paTIu, TFEOkcT ICAL 
ASPECT RATIO, THEORETICAL 
ASPECT RATIl, EXPuSED SPAN 
ANCLE, lEAuINC EDGE SwEEP 
ANGLE, TRAILING LUGE SWEEP 
ANGLE, L1HELRAL 
ANoLE, INC1LENCE 
AlkFCIL SECTION, ROOT 
AIRFOIL ScCTICN, TIP 



3642.6 

667.15 

IN 


889.36 

IN 

*F IXEC* 

17.00 l 

DEG 


*F IXEC* 

6307.0 

SFT 

*F IXEC* 

1315.0 

IN 



282 9. 6 

SFT 


437.30 

SFT 


1017.6 

IN 


472.27 

IN 


694.16 

IN 


106.66 
.15365 
2. 5414 
2. 3623 

I N 


49.105 

0 EG 

* F I X F C* 

0.0 

DFG 

* F I X F C * 

7.0 

DEG 

*F IXEC* 

1. 5 

DEG 

* F IXEC* 

008-64 


* F IXEC* 

008-64 



A. U40A MASS FRCPERTIES 
FL Ic FT CONDITION 
UkB ITER LNOG (W/nOK PL) 
OkBI TER LNDG ( W/U PL ) 

«1 NG w E I G m T 
TPS WEIGHT 


WEIGHT (LB) 
198306. ? 
138306. P 
15988.4 
2o211.8 


X-CG (FT) 
71 . 103 
73.446 


X-CG (PC l. ) 
64.88 7 
67. OP 5 


5. PRINCIPAL P ARAME T tkS 
X— SCAlE FACTLr 
Y-SLALt FACTOR 

DISTANCE TO LEAUInG EDGE CF EXPOSFO wing 

o. LANDING PER FCRMANlE 

MINIMUM LANCING SPEED ( W/40K PL) 

STATIC MARGIN (SJdSONIC) (W/40K PL) 
gTAT IC MIArGIN ( SJdSCNIC ) (W/U PI) 

TRIM LIFT CCtF Fur LANOINo (ALPHA=17 DEG) 


SCL X= . 8C COO 
SCI Y = l.POOO 
XOF = 6 6 7. 154 IN 


160.7 KT 
-.0873 
- . 0? 7 8 
.8017 


7. HYPERSONIC AEROCYNAMIc TRIM! LATA 

TRIM Angle CF ATTACK AT ELEVLN=-4£ DEG 


48.43 CEG 
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APPENDIX - Continued 


ODIN Wing Wj2 


1. UVEkALL ClNF loLRMICU 

AREA, PLANFChP (jFT) 
lEUGTH, ROSE TU rflUG LE AT BCUY 
length, MJSE TO WiNG C/ A 
ANolt, GROUND PLANE 


♦FIXFO+ 


2. FUSELAGE 

AREA, klTTEC *FIXED* 

length, nose to eno oe bogy *fixec* 


3 » WING 

AKtAi T h EUR t T I C AL UK TOTAL 

AREA, ELEVCN 

SPAN 

CHURL, M t AN AERODYNAMIC 
Churl,, CENTERLINE ROUT 
CHUR o, t ip 

taper ratio, tfeukEtical 

ASPECT kATIC, TFcGRETiCAL 
ASPECT RATIO* EXPCSED SPAN 
ANGLfc, LEAJINC EDGE S*tEP 

angle, trailing euge sweep 

ANGL E , CIHECRAL 
AnuIE, INCIlENCE 
AiRPCiL SECTION, mJOT 
aIREijIL StCTlUN, TIP 


*F IXEC* 
*F IXEC* 
*F I XED* 
* F IXFD* 
* F T XE C* 


O-tOA MASS PROPERTIES 
FLIGHT CONDITION 
OkBI TER LNDG U/hUK PLJ 
UkB I TEK LNDG ( W/O PL ) 

H I No w E I CHT 
TPS FLIGHT 


WEIGHT i L B ) 
20 1 5 * 7 . 7 
16 1 5 3 7 . 7 
1 1 > 3 7 8 • 3 
29 0 - 3 . 4 


>-CG TFT) 
71 .96 7 
74.476 


PRINCIPAL PARAMETERS 
X-SCALE FACTOR 
Y-SCALE FACTOR 

DISTANCt TO LEADING cJGE gf expcsfd wing 

6 • LANDlNU perfckmance 

MINIMUM LANCING SPELL ( W/ 40K PL) 

STATIC MARGIN ISJbSCNiC) (fc/AOK PL) 
STATIC Mi Ak GIN (SJoSCNIC) (W/0 PI) 

TRIM LIFT CGtF FOR LANDING ( AL PHA= L 7 DEG) 

7. HYPERSONIC AERODYNAMIC TRIM LATA 

TRIM ANGLE CF ATTaCK AT ELEVCN=-45 OFG 


SCL X = 
SCL Y = 
XOF = 


A I 2 5 . 0 
606.36 IN 
666.12 IN 
17.00 OFG 


6307.0 SFT 

1315.0 IN 


3537.0 SFT 
546.63 SFT 
1017.6 IN 
590.33 IN 
867.70 IN 
133.32 IN 
.15365 
2.0331 
1.9058 
55.283 DEG 
0.0 DEG 
7.0 DEG 
1.5 OFG 
00 8—64 
008-64 


X-CG I PC L) 

65.675 

67.965 


1.0000 
i.2000 
608.363 IN 


158.0 KT 
-.0798 
-.0288 
.6738 


36.79 DEC 
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APPENDIX - Continued 


ODIN Wing Wx 3 


1. OVERALL CCNF IGURAT IGN 

AREA, PLANFCRM (SET) 

LENGTH, NOSE TO WING LE AT BODY 
LENGTH, NUSE TO 4 1 NG C/A 
ANGLE, uKCUNC PLANE 

2. FUSELAGE 

AREA, htlTEL) 

LENGTH, NUSE TO END OF BODY 


3 • «I NG 

AREA, THEORETICAL OR TOTAL 

AREA, ELEVEN 

SPAN 

CHORE, MEAN AERODYNAMIC 
CHORD, CENTERLINE ROOT 
CHORC, TIP 

TAPER RATIO, THEORETICAL 
ASPECT RATIO, THEORETICAL 
ASPECT RATIO, EXPOSED SPAN 
ANGLE, LEADING EDGE SWEEP 
ANGLE, TRAILING EDGE SWEEP 
ANGLE, DIHEDRAL 
A.'jgLE, INCIDENCE 
AIRFOIL SECTION, ROOT 
AIRFOIL SECTION, TIP 

A. UAOA MA^S PFLPEPTIES 
FLIGHT CONDITION 
GrUil TER LNDG (W/AuK PL ) 
UaBI TER LNDG ( W/O PL ) 

WING WEIGHT 
IPG REIGFT 


WE IGHT UR) 
20APlA.fi 
lcAPlA.fi 
1680A. A 
31903.7 


* F I XF D* 


*F IXEC* 
*F I XED* 


♦FIXED* 
♦FIXED* 
*F I X F C * 
*F I XFC* 
*F I XEC* 


X-CG TFT) 

71.053 

75.779 


A607. A 
557. fcA IN 
890.95 IN 
17.00 DEG 


6307.0 

SFT 

1315.0 

I N 


4 244 • 4 

SFT 

6 5 5.95 

SET 

1017.6 

IN 

7C8.40 

IN 

1041.2 

IN 

159.98 

I N 

.15365 


1.6943 


1.5882 


59.998 

DEG 

0.0 

DEG 

7.0 

DEG 

1.5 

DEG 

008-64 


008-64 


-CG <PC 

L) 


fcfi .66 8 
69. 15A 


5. PRINCIPAL PARAMETERS 
X-gCALE FACTOR 
Y-SCALE FACTOR 

DISTANCE TO LEADING EDGE OF EXPOSED WING 


S CL X= 1.7000 
S C L Y = 1.7000 
XOF=557.6AA IN 


o. LANDING perfcrmance 

MINIMUM LANLING jPEED U/AOK PL) 

STATIC MARGIN (SUBSONIC) (W/<*OK PL) 
gT AT IC MARGIN (SJcSONIC) (W/0 PL) 

TRIM LIFT CCcF FUR LANDING (ALPHA=17 DEG) 


157.7 KT 
-.0786 
-.032A 
. 5731 


7 . HYPERSONIC AERODYNAMIC TRIM DATA 

TRIM ANGLE OF ATTACK AT ELEVCN=-A5 DFG 


30.86 DEG 
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APPENDIX - Continued 


ODIN Wing W 14 


OVERALL CCNF IGURATICiN 

AREA, PCANFCKM (SFT) 
LENGTH, NCSE TO Ml NG 

LE AT BODY 


5089.8 

505.20 

IN 

LENGTH, HCSE TO WING 

C/4 


894.06 

I N 

ANGL E, GROUND PLANE 


* F I X EC * 

17.00 1 

DEG 

FUSELAGE 

AREA, WETTED 


* F I XFD* 

6307.0 

SFT 

LENGTH, NOSE TO END 

UF bCDY 

* F I X F C* 

1315.0 

IN 


3 • Ml NG 

AkEA, TFECKETICAL OK TOTAL 

AREA, ELEVEN 

SPAN 

CHURD, MEAN AERODYNAMIC 
CHURL, CENTERLINE ROOT 
CHORD, TIP 

TAPER RATU, THEORETICAL 
ASPtCT RATIO* ThcuKETICAL 
ASPECT RATIO, EXPOSED SPAN 
ANCLE, LEADING EOuE SaEEP 
ANCLE, TRAILING EDGE SWEEP 
ANCLE, CIHELRAL 
AN CL E, INC! LENCE 
AlkFCIL SECT ICN, R JOT 
AIRFOIL SECTION, TIP 


4551.7 SFT 
765*28 SFT 
1017.6 IN 
826.47 IN 
12 1 A • 8 IN 
186.65 IN 
.15365 
1.4522 
1 . 36 1 3 
63.66S DEG 
*FIXFD* 0.0 DEG 

♦FIXED* 7.0 DEG 

♦FIXED* 1.5 OEG 

♦ FIXED* 00 8—6 4 

* F I X F D* 008-64 


4. O^OA MASS PROPERTIES 
FLIGHT CCNDITILN 
ORB I TER LNDG iVi/ 'tO K PL ) 
ukBI TER LNDG (W/U PL) 

M I NG m E I CHT 
TPS HEIGHT 


WEIGHT (LR) 
2J8 1 IS. 6 
168US.6 
17254.2 
34 1 5 S . 4 


X-CG (FT) 

74.249 

77.203 


X-CG (PC I) 
67. 758 
70.454 


5. PRINCIPAL PARAMtTERS 
X-SCALE factor 
Y-SCALE PACTOk 

DISTANCE TU LfcAUiNG EDoE <JF EXPOSED WING 


S C L X = 1.4C00 
S C L Y = 1 .2000 
X C F = 5 C 5 . 200 IN 


6. LANDING PcRFCKMANCE 

MINI RUN LANDING SPEED <_K/40K PL) 
g T AT I C MAKgIN (SUBSONIC) (W/4GK PL) 
STATIC MARGIN (SU6SCNIC) (K/Q PL) 

TRIM LIFT CLEF FUR LANDING (ALPHA^17 DEG) 


157.0 KT 
-.0741 
-.0312 
.5037 


7. HYPERSONIC AtkG DYNAMIC TRIM LATA 

TRIM ANCLE LF ATTACK AT ELEVCN= — <+5 OEG 


28.33 DEG 
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APPENDIX - Continued 
ODIN Wing W15 


1. UVEKAll CGNF IGUR AT ION 


AREA, PLANPCRM l SF T ) 

LENGTH, NuSE T LI WING LE AT SCDY 


5572.2 
457. 88 

IN 

LENGTH, NCSE TO WING C/4 


902.29 

IN 

AnoL E, ORGUND PLAoE 

*FIXE0* 

17.00 1 

DEG 

FUSELAGE 

AREA , W t I T E C 

♦FIXED* 

6307.0 

SF T 

LENGTH, NOSE TO EiMU Of BCOY 

♦ F I XFD* 

1315.0 

IN 

W i Mi 

ArEA, TFeCRETICAl ok total 


5659. 1 

SF T 

AREA , E L EVC N 


074.60 

SFT 

SPAN 


10L7.6 

IN 

churl, mean aercoynamic 


944.53 

IN 

ChuRO, CENTEKLINc ROOT 


1388.3 

IN 

CHURD, TIP 


213.31 

IN 

IAPLR RATIO, TFEokET 1CAL 
ASPECT kATIC, TF^LkETICAl 
ASPECT RATIO, EXPOSED SPAN 
ANGlE, LEADING Ej^E SWEEP 


.15365 
1.7707 
l . 19L 1 
66.585 

o 

rr 

ANGLE, TRAILING tOGE SWEEP 

*FIXFC* 

0.0 

DEG 

ANGLE, CIHE CRAL 

*F IXEC* 

7. 0 

DEG 

AnoLE, INC1CENCE 

*F I XEC* 

1.5 

DEG 

AIRFOIL StCTlLN, ROOT 

*F I xe n* 

008-64 


AIRFOIL SECTION, TIP 

* F [ XFC* 

008-64 



4. GhUa MmSS PKCPEkTIES 
r-LioPT CONDITION 
UKJi TlK LivJG (w/40N PL) 
GvblTLR LNuo (W/0 PL) 
w 1 Go wt 1 GHT 
fPS FLIGHT 


WEIGHT ILH) 

211440.1 

171440. 1 
17715.5 
376 18.6 


X-CG (FT) 

75.641 

7fi.fi6l 


X-f.G (PC l I 

69.027 

71.967 


5. PRINCIPAL PARAMETERS 
X-SCAlL FACTOR 
Y-SCAlE factuk 

■DISTANCE TO LEAD l GO tDGE OF EXPOSED *ING 


SCL X= 1.6C00 
SCI Y = 1 .2000 
XOF=457.flF3 IN 


o. LANDING PERFChMANCE 

-UNIMDM lANLING SPEED (W/aOK PL) 
i I AT I C MARGIN (SUBSONIC) (w/40K PL) 
STATIC HAnolG (SUBSONIC) (W/O PI) 

1 tv 1 . 1 LIFT CUEF FUk LAnDInG (ALPHA=17 OEG) 


157.2 KT 
-.0725 
-.0316 
.4462 


7. FiYPekSJNIC AtKGOYNAP.il, TRIM CATA 

trim aNjLl cf attack at elevcn=-45 deg 


26.74 DEG 
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APPENDIX - Continued 


ODIN Wing Wig 


1 . OVERALL cgnf igurat ion 

AREA , PlANFLRM { T ) 

LENGTH, ALSO TO aiNG Lfc aT BODY 
LENGTH, ROSE T G RING C/4 
ANGLE? GROUND PLANE 

2. FUSELAGE 

AREA? rtETTEC 

LENGTH, NOSE TO END UF ElJY 


3 . RING 

AkEA? THEORETICAL Ok TOTAL 

AREA, ELEVEN 

span 

CHuR C, MEAN AERODYNAMIC 
OHUKUt CENTERLINE ROOT 
ChU'N C , TIP 

TAPER RATIO, FFEJkET ICAL 
ASPECT *ATIC, TFEORETICAL 
ASPtCI kATIL, exposed span 
ANGLE, LEADING LDgE S*EEP 
ANGLE, TRAILING EDGE SWEEP 
ANGL E? DIHEDRAL 
ANGLE, iNLiCtNCti 
AIRFOIL StCTICN, ROUT 
a 1 RF G l L SECTION, TIP 

H. U4CA Mas S PROPERTIES 
rL IG HI CCimD IT I uN 
'JRBITcR LNDC { W/4DK PL) 
ukuI ILR LNUG ( W/U PL ) 

W i NG w E i ChJ 
TPS RL I GFT 


v\ E I G H T (LB) 

201620.5 

161620.5 
17 679. 7 
27842 . 8 


*E I XEC* 


♦F IXEC* 
♦ FI XE D* 


♦FIXED* 

♦ F I XEC* 
♦F IXEC* 

♦ F I XEC* 

♦ F I X E C ♦ 


X-CG (FT) 
71.277 
7 3 . 6 I A 


3964.2 
658.06 IN 
80S . 3 2 IN 
17.00 DEG 


6307.0 

SFT 

1215.0 

IN 


3139.3 

SFT 

5 10. 18 

SFT 

1 153.2 

IN 

461.25 

IN 

677.33 

I N 

106.66 

IN 

. 15746 


2.9419 


2.7793 


44.703 

DFG 

0.0 

DEG 

7.0 

DEG 

1.5 

DEG 

008-64 


000-64 


•C G (PC 

L 1 


65.046 

67.179 


PRINCIPAL PARAMETERS 
X-SCALE FACTOR 
Y-SCALE FACTOR 

D I ST ANC t TO LEADING EDGE OF EXPOSED h I NG 


S C L X= .80000 
S C L Y = 1.4000 
X C F = 6 50.86 1 IN 


o • landing performance 

MINIMUM LANCING SPEEC l*/90K PL) 

^ I AT l C M Ak GIN (SJoSCNiC) (W/40K PL) 
STATIC MARGIN loUOSCNlC) U/0 PL) 

T k I A l I F T C C c F FOR L A N 0 1 N G (ALPFtA=17 DEC?) 


147.0 KT 
- . 089 L 
-.0203 
.8772 


7. HY PE R SUN It AERODYNAMIC TkIM LATA 

TRIM ANGLE CF ATTaCK AT ELEVLN=-45 DFG 


43.87 CFG 
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APPENDIX - Continued 


ODIN Wing W 17 


1 • OVERALL CONFIGURATION 


3 ♦ 


A*EA, PLANFCRM ( SF T ) 


4527.0 


LlNGTH, NOSE TO XING LE AT BCDY 


600.61 

IN 

LENGTH* nlsl TO WING C/4 


aaa.69 

IN 

angle* grcunc plane 

* F IXED* 

17.00 D FG 

FU SELAiE 




A k t A * * t T T t L 

*F I XED* 

630 7.0 

SF T 

LbNbTH* NQSt TO EnD OF BODY 

*F I XEC* 

1315.0 

IN 

WING 




AkEA, T F EuP E T I C Al UR TuTAl 


3924. 1 

SET 

AKcA * ELEVEN 


637.73 

SFT 

SPAN 


1153.2 

I N 

Chuk L* MEAN AEPCDYNAMIC 


576.57 

I N 

CHURL* CENTERLINE RUur 


846.o7 

I N 

C HUR J « TIP 


133.32 

IN 

TAPER RATIO* THEORETICAL 


. 15746 


ASPEC1 kATIL, TFcuKtT IC AL 


2.3535 


ASPECT RATIO* EXPuSED SPAN 


2.2235 


ANglE* LEADING tout S * E E P 


51.050 

DEG 

A N oL t ♦ TRAILING EuGt SwEEP 

*F i XFC* 

0.0 

DEG 

An GL L* L 1HE LP AL 

*F I XFD* 

7.0 

DEG 

ANGLE* INC1 CENCE 

*f I XFC* 

1.5 

DEG 

AIRFOIL StCTICN* ROL 1 T 

*F I XEC* 

008-64 


AIRFLIL SEC T ION * TIP 

*F I X F C * 

008-64 


04 OA NAS S PROPERTIES 




FLIgFT CLNDITICN WEIGHT (LP) 

>- CG (FT) 

X-CG (PC 

L ) 


Ukb I TE K LNCG U/<tOK PL ) 20 52 10.0 

U*bl TER iNLb <w/u PL ) 165210.0 

*ING Wfc 10nT 16 0 23. 7 

TPS RF1GFT 31080.3 


72.199 
7 A . 709 


65.887 
68. 178 


5. PRINCIPAL PARAMETERS 
X-SCALE FACTOR 
Y-SCAlE RAC TO k 

DISTANCE TO LEADING EDGE OF EXPOSED WING 


SCL X = l.CCCO 
S CL Y = 1.4C00 
XOF= 60 0.614 IN 


LANDING PFkrLRMANCE 

MINI RUM LANCING *PcEO (R/40K PL J 
STATIC MARGIN (SJbSCNIC) (W/40K FL ) 

> T aT 1C MARGIN (SJbSCNIC) U/H PL) 

TRIM LIFT CLEF FUk LANDING (AIPHA=17 DEG) 


143.2 KT 
-.0800 
-.0277 
.7534 


7. HYPfcrsSUiMlC AERODYNAMIC TRIM CaTA 

Trim ANGLE LF ATTACK AT £LEVCN=-45 DEG 


34.12 DEG 
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APPENDIX - Continued 


ODIN Wing W 18 


1. OVERALL CCNF IGUF AT IGN 

AREA, PLANFLRM (SPT) 

LENGTh, NuS t TU WING L E AT BCDY 
LENGTH, NLSE TU WING C/4 

ANGLE, GROUND PLANE ♦FIXED* 

2. FUSELAGE 

AREA, WETTED *FIXED* 

LENGTH, NOSE TO tNU OF BODY *f!XED* 


3. WING 

AkfcA, TFEOKET ICAL OR TOTAL 

AREA, ELEVCN 

SPAN 

CHURL, PLAN AERODYNAMIC 
CHORD, CENTERLINE ROOT 
CHURL, TIP 

TAPER RATIO, THEORETICAL 
ASPECT KATIUf THEORETICAL 
ASPECT RATIO, EXPUSED S F AN 
ANGLE, LEADING EUoL ShEEP 
ANGLt, TRAILING tUGE SWEEP 

angle, cipecral 
ANGL E, INCICLNCt 
AIRFOIL ScCT 1EN, KJOT 
AIRFLiL SECTION, TIP 


* F I XED* 
*F l XED* 

* F I XEC* 

* F I XFD* 

* F IXEC* 


040 A MASS PROPERTIES 
FLioHT CCNOiTICN 
□REITER LNDG ( W/4UK PL) 
Dkbl TER LNUG < W/J PL ) 
w I NG * E I GhT 
TPS ^lIGFT 


WEIGHT (LBJ 
EoaeAi .9 
166841.9 
184C8. 3 
34227.6 


X-CG IFT) 

73.343 

76.069 


3. PRINCIPAL parameters 

a-SCALE FACTOR SCLX= 

Y-SCAlE FACTUk SGLY = 

DISTANCE TO LEADING EDGE OF EXPCSFO WING XOF= 

6. LANDING performance 

MANIPUR L AN L I NG SPEED IW/40K PL) 

STATIC Margin (SUbSUNlC) (W/40K PL) 

STATIl MAkuIN (SUaSUMC) U/C PI) 

TRIM LIFT CUEF FJ,\ LANDING (AIPHA-17 DEG) 

7. HYPERSONIC A ERU DYNAMIC TRIM CATA 

TkIM ANGLE CF ATTACK AT ELEVCN=-45 DEG 


5089. 8 
549.15 IN 
894.84 IN 
17.00 DFG 


6307.0 SFT 

1315.0 IN 


4708.9 SFT 
765.28 SFT 
1153.2 IN 
691.88 IN 
1016.0 IN 
159.98 IN 
.15746 
1.9612 
1.F529 
56.035 DEG 
0.0 DEG 
7.0 DEG 
1.5 DEG 
00 8-6 4 
008-64 


X-CG (PC l) 

66.931 

69.419 


I . 2000 
1 .4000 
49. 145 IN 


142. L KT 
-.0779 
-.0306 
.6490 


29.53 DEG 
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APPENDIX — Continued 


ODIN Wing W 19 


i. 

QV ER ALL CUNF IGURAT ION 






AKcAt P LAKE CRM ( uP T ) 



5652.6 



LENG'TH, RCSE TO *INb 

LE AT 0 CO Y 


498.90 

IN 


LENGTH, NLSE Tu WING 

C/4 


902.21 

IN 


Angle, ground plane 


♦FIXFC* 

17.00 1 

DEG 

2. 

FJSElAG £ 






AkEA, netted 


♦FIXFC* 

6307.0 

SFT 


LENGTH, NlSE'TO END 

UP BODY 

♦FIXFD* 

13 15. 0 

I N 


3 • M I N G 

aREa, THfcuRETICAL CR TOTAL 

AREA, ELEVUN 

SPAN 

CHJRDf MEAN AERODYNAMIC 
CH JR L , LcNT tkL ANt ROUT 
CHuk l) t T IP 

T A Ph R RATIO* TPtJKETi^AL 
ASPECT rtATILf T PEURE T I C A L 
ASPECT rs A T 1 C » EX Pu St D SPAN 
ANGLE, LEADING EJuE SaEEP 
ANGLE, TRAILING cDG E j/ittP 
AIWLE, CIHECKAL 
ANuLL* lNClLENCb 
AiRELIL SECULNf ROUT 
AlFPClL SECTION, TIP 


5 493.7 S FT 
89?. 02 SFT 

1153.2 IN 
807.19 IK 

1185.3 IN 
186.65 IN 
. 15746 
1.6811 

l .5882 
59.998 DEG 
♦FIXED* 0.0 OEG 

♦FIXED* 7.0 DEG 

♦FIXED* 1.5 DEG 

♦FIXFC* 008-64 

♦FIXED* 008-64 


4. O'* LA HASS PROPERTIES 
FLIGHT oLNDITIUN 
JK0I TER LNDG ( R /AUK PL ) 
OKUI Ttk LNDG ( U/J PL ) 

« i nG r E I GEi T 
TPS lnEIGPT 


WE If,HT (LB) 

212508.6 

172508.6 
10821.4 
37^81.2 


X-CG (FT) 

74.636 

77.605 


X-CG (PC L) 
68. Ill 
70.820 


6. PRINCIPAL PARAMETERS 
X-SCALE FACTCR 
Y-SCALE FACTOR 

DISTANCE TC LEADING EDGE OF EXPOSED WING 


S C L X = 1.4000 

S C L Y- 1.4000 
XDF= 498.903 IN 


6. LAND I No PEKECKHANCE 

MINIMUM LANCING SPEED (R/*0K PL) 
oTAlIC MARGIN (SObSUNlL) (U/40K PL) 

S I A T I L MARGIN (SJdSUNIC) (k/0 PL) 

TRIM LIFT CLEF FOR LANDING (ALPFA=17 DEG) 


141.4 KT 
-.0752 
-.03 11 
.5711 


7. HY PE k SUN i L AEPOLYNAMIC TRIM DATA 

TRIM ANGLE Lf ATTACK AT ELEVCN=~45 DEG 


27.36 DEG 
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APPENDIX - Continued 


ODIN Wing W20 


1. OVERALL CONFIGURATION 

AnEA, PLANFCBM (SET) 

LcNGTH, NOSE TL) RING LE AT BCDY 
LENGTH, NOSE TO RING 0/4 
ANGLE, GROUND PLANE 

2. FUSElAuE 

AREA , w ETTEC 

LENGTH, NOSE TO END OF BODY 

3. RING 

AREA, THEORETICAL UR TOTAL 

ARtA, ELEVON 

SPAN 

CHORE, MEAN AERODYNAMIC 
CHURD, CENTERLINE ROOT 
CtiORC, TIP 

T APE h RATIO, THEORETICAL 
ASPECT RATIO, THEORETICAL 
ASPECT kATIO, EXPuSED SPAN 
ANGLE, LEADING EOoE SWEEP 
ANGLE, TRAILING EdGE SWEEP 
ANGLE, CIHECkAL 
ANGLE, INCILENCE 
AIRFOIL SECTION, ROOT 
AIRFCIL StCTION, TIP 



6215.4 

451.62 

IN 


912.54 

IN 

♦ FIX EC* 

17.00 

OEG 


♦ F I XE C* 

6307.0 

SFT 

♦FIXEC* 

1315.0 

IN 



6278.5 

SFT 


1020.4 

SFT 


1153.2 

IN 


922.51 

IN 


1354.7 

IN 


213.31 

I N 


.15746 
1.4709 
1. 3897 
63.196 

OEG 

♦ F IXEG* 

0.0 

OEG 

*F IXEC* 

7.0 

OEG 

♦FIXED* 

1. 5 

OEG 

♦ F I XE 

008-64 


* F I XE C* 

008—64 



*♦. 09 OA MASS PROPERTIES 
FLIGHT CCNDITICN 
OR 31 TER LNDG (W/tUK PL) 
0R81 TER LNDG IW/O PL) 

W I NG W E I G H T 
TPS WEIGHT 


WEIGHT IIP) 
216156. I 
176 158. 1 
192E 3. I 
*,0839.0 


X-CG l FT) 

76.106 

79.346 


X-CG (PC L) 

69.453 

72.410 


5. PRINCIPAL PARAMETERS 
X-SCALE FACTCR 
Y-SCALE FACTCR 
DISTANCE TO LEADINo cUgE OF 


SCL >= 1.6000 
S C L Y = 1.4COO 

EXPCSFC WING XO F= 45 1 . fc 1 6 IN 


o. LANDING PERFCRMANCE 

MINI HUP LANL1NG iPEED ( W/40K PL) 

STATIC MARGIN (SJ6S0MC) (W/40K PL) 

STATIC MARGIN (SUbSCNIC) IW/O PL) 

IRIM LIFT CCEF FOR LANDING (ALPFA=17 OEG ) 

7. HYFEKSONIC AEwULYNAMIC TRIM CATA 

TRIM ANGLE OF ATTACK AT ELEVCN=-45 DEG 


141.4 KT 
-.0735 
-.0314 
. 5C86 


26.10 CEG 
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APPENDIX - Continued 


ODIN Wing W21 


1. OVERALL CONFIGURATION 

AREA, PLANFCRM (SFT) 

LENGTH, NOSE TO WING LE AT BODY 
LENGTH, NOSE TO WING C/A 
ANGLE, GROUND PLANE 

2. FUSELAGE 

AREA, WETTED 

LENGTH, NLSE TO cNU UF BODY 


3. WING 

AREA, THEORETICAL OR TOTAL 

AREA, ELEVCN 

SPAN 

CHORD, RE AN AERODYNAMIC 
CHUR C , otNTERLINE ROOT 
CHORC, T JP 

TAPER RATIO, IFEUiNtTICAL 
ASPECT kATIC, T he JRE T I C Al 
ASPECT RATIO, EXPOSED SPAN 
ANGLE, LtADINC EJoE SwEEP 
ANGLE, TRAILING EDGE SWEEP 
ANGLE, DIHEDRAL 
ANGLE, INCILENCc 
AIRFOIL SECTION, KUGT 
AIRFOIL SECTION, TIP 

A. U40A MASS PRCPtRl IES 
FLIGHT CONDITION 
UrRITER LNUG (W/4UN PL) 
URtil TER LNOC ( w/o PL) 
w 1 NG * E I GHT 
IPS WEIGHT 


WEIGHT (LB) 
204924 .0 
lo 4 92 4 • 5 
19336. 9 

is 4 a 1 . fc 



4285. 8 
654.40 

IN 


891.05 

IN 

*F IXEC* 

17.00 DEG 

♦FIXED* 

6307.0 

SFT 

♦FIXED* 

1315.0 

IN 


3451.9 

SFT 


583.07 

SFT 


1288.8 

IN 


453.00 

I N 


664.72 

IN 


106.66 

I N 


. 16045 
3.3416 
3.1 764 
40.89? 

DFG 

♦FIXED* 

0.0 

DEG 

♦FIXED* 

7.0 

DEG 

*F IXFC* 

1.5 

DEG 

* F I X F C * 

008-64 


* F I XEO* 

008-64 



X-OG (FT) X-CG (PC L) 

11.471 65.223 

73.e09 67.356 


5. Pk I NO I PAL PARAMETERS 
X-SCALE FACTOR 
Y-SCALt FACTOR 

DISTANCE TO LEADING EDGE OF FXPOSEC WING 


SCI X= . ROOOO 
SCLY= 1.6000 
XGF = 6 5 4.398 IN 


o. LANDING PER F LtvMANCE 

MINIMUM LANCING SPEED (W/40K PL) 

STATIC MARGIN (SUbSOuIC) I-/40K PL) 

STATIC MARGIN (SobSCNIC) (W/C PL) 

TRIM LIFT COEF FJ<\ LANDING (ALPHA=17 DEG I 


136.3 KT 
- .0906 
- .020 7 
. 94 3 R 


7. hY PER SON IC AtROLYNAMIC Ti\IM DATA 

TRIM ANGLE LH ATTACK. aT ELEVCN = -45 DEG 


39.93 CFG 
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APPENDIX - Continued 


ODIN Wing W22 


1. 

OVERALL CONFIGURATION 






AKEA, PLANFCRI* (:>FT) 



4529.0 



LENGTH, NlSL TO rfING 

LE AT BCDY 


558.27 

IN 


LENGTH, NOSE TO WING 

C/4 


854*05 

IN 


ANGLE, GRE.UND PLANt 


♦FIXED* 

17.00 

DEG 

2. 

FUSELAGe 






AKEA, WE1TED 


* F I XEC* 

6307.0 

SFT 


LENGTH, NOSE TO CnD 

GF bUDY 

♦FIXED* 

1315.0 

TN 


3 • W 1 NG 

AREA* ThELRETICAL Ok TOTAL 

AREA , bttVUN 

SPAN 

CHDR Lt MEAN AERODYNAMIC 
CHUR C « CcNTE^LINo FOOT 
0 F 1 OR C. T IP 

TAPER RATIO* ThtUKETiCAL 
ASPECT KATIE* THEORETICAL 
ASPECT' P/flTIE, EXPOSED SPAN 
ANGLE* LEADING EDoE S*EEP 
ANGLE* TRAILING EDGE SWEEP 
ANGL t* C I HE CR AL 
ANGLE* INLILLNCE 
AIRPlIL SLC TllN* mJuT 
AIKFCIL SECTION, TIP 


4314.5 SFT 
728 • fl A SFT 
1288*8 IN 
566*25 IN 
830*85 IN 
133.32 IN 
. 1 604 5 
2.6 732 
2.5411 
47.268 DEG 
♦FIXED* 0.0 DEG 

♦FIXED* 7.0 DFG 

♦FIXED* 1.5 DEG 

♦FIXED* 008-64 

♦ FIXED* 0 C 8 — 64 


4. 04 0 A MASS PROPERTIES 
PLIgHI CLNDATICN 
UK 6 I TER LNDG IW/'tOK PL) 
Uhbl TE k LNDG ( W/ J PL ) 

* 1 N G WEIGHT 
TPS Wt IGHT 


WEIGHT (LB) 
208 £64 .9 
168864.9 
19 fc 4 2 . 3 
33 116. 7 


X- C G (FT) 

72.478 

74.559 


X-CG (PC ( ) 
66. 14 1 
68.44 2 


5. PRINCIPAL PARAMETERS 
X-SCALE FACTOR 
Y-SCAlE FACTOR 

DISTANCE TO LEADING EDGE OF FXPCSED WING 


S C L X = 1.CC00 
SCL Y = 1.6000 
XGF = 558*265 IN 


6. LANDING PERkCkPANCE 

MINI PU M LANCING i>P EE D (R/hOK PI ) 

STATIC MARGIN (SJbSONlC) IW/40K PL) 

STATIC MARGIN (SUbSONlC) U/O PL) 

TRIM LIFT LCEF F JR LANDING (ALPHA=17 DEG ) 


132.0 KT 
-.0821 
-.0287 
.8204 


7. HYPERSONIC AtrUL YNAM1C TRIM DATA 

TRIM ANGLE OF ATTACK AT tLEVCN=-45 DEG 


31.79 DEG 
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APPENDIX — Continued 


ODIN Wing W23 


1. UVtKALL CCNF IGURAT IL 4 

ARE A * PLAN FORM (jrT) 

L ti«G IHi FUSE TU WING l£ AT BCDY 
LENGTH, M St TU WING C/A 
ANGLE, GROUND PLANE 

2. FUSElAGE 

ArEA » WtTTEL 

LENGTH, NoSc TU END OF bUOY 


i. WING 

AREA, IHEUkETICAL UR TOTAL 

AREA, CLEVUN 

SPAN 

CHurl', MEAN AERODYNAMIC 
LrlURU, CENTEKLINc ROOT 
CHURl, TIP 

IAPEr PATIO, TFEOkETICAL 

aspect ratio, theoretical 

ASPECT RATIO, EXPoSlO SPAN 
AirGLE, l. LADING EDGE SWEEP 
m Gl L f TRAILING EUGE S W E L P 
ANGLE, LIHECRAL 
AngL t * INCILENCc 
AIRE OIL SECTION, imJUT 

airfoil sec ticn, t ip 


A. Or oa mass prlperties 

F L lo FT 0 END IT ION 

ORB l TER LNOG ( */‘tOK PL ) 

JwBl TcR LNUG ( W/U PL) 

WING WEIGHT 

TPS WlIghT 


WEIGHT <LH) 

2 1 2 S 38 . 0 
172F38.0 
19989.2 
36762.8 


*F I XFD* 


*F I XED* 
* F I XFD* 


*F IXEC* 
*F I XE C* 
*F 1 XEC* 
*F IXEC* 
*F IXFC* 


X-CG I FT) 
73.723 
76 . A 7 5 


6572.2 
5A9.09 IN 
90 A .0 7 IN 
17.00 DFG 


6307.0 

SET 

1315.0 

IN 

5177.5 

SFT 

874.60 

SFT 

1288.0 

I N 

675^50 

IN 

997.07 

I N 

159.9 8 

I N 

.16045 


2.2277 


2.1176 


52.409 

OFG 

0.0 

DEG 

7.0 

DEG 

1.5 

DEG 

008-64 


008-64 


x-cr. (pc 

L ) 

67.278 


65. 789 



3. PRINCIPAL parameiers 
A-SCALL FAC T Or 
Y-SCALE FACT UR 

DISTANCE TC LEADING EDGE UF FXPCSED WING 


SCLX= L.2000 
SCL Y= 1 .6000 
XOF = 5A9. C 90 IN 


6. LANDING FLRFCrMANCE 

mini Pup landing spell (w/aok pl) 
o T AT II PARg IN (SjbSUNIC) (W/AOK PL) 
i T AT 1C KARGIN (SJbSGNlC) (W/0 PL) 

TRIM LIFT CCtr FJk LANDING (ALPhA=17 DEG) 


130.6 KT 
-.0810 
-.03 2 A 
.7113 


7. hYPEnsUNlC AchULYNAMIt TRIM CATA 

Trim ANCLE CF ATTACK AT ELtVCN=-A5 DEG 


28.0 5 DFG 
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APPENDIX - Continued 


ODIN Wing W24 


OVERALL CL N F IGU RAT ICO 




AREA, PLANFLFF IbFT) 


621 5.4 


LENUTh, FOSE TU * I IMG LE AT BCDY 


497.01 

IN 

LENuTht MjS t TU .VlOC C/A 


911.15 

IN 

ANuLt, bRUUNU PL AO E 

*F I Xt C* 

17.00 1 

DEG 

FUSEL ACt 




rtncA 1 In E T T E l) 

*F I XEC* 

63C7.0 

SFT 

LcNUTH* NOSE TL) ci\,D OF BUOY 

*f IXFC* 

1315.0 

IN 


3 • * i NG 


AREA « TFECKEF 1CA»_ OR I0TAL 


6040.8 

SFT 

AREA » El E VC N 


1020.4 

SFT 

SPAN 



1288. 8 

I N 

CHuR L» 

MEAN AERODYNAMIC 


792.75 

IN 

C MiiR D » 

CENT ERL INc RuuT 


1163.3 

I N 

LHUK D» 

F IP 


186 .65 

l N 

taper * 

ATIOt TFtUrsETICAL 


.16045 


A SPE C F 

RATIO* TFEukETICAL 


1.9095 


ASPECT 

r , A T I C # EXPOSED SPAN 


i .8 L51 


A NbL E t 

LEADING ED^E ShEEP 


56.580 

DEG 

A N 0 L l 9 

tpai ling luge sweep 

*F I X F n* 

0.0 

DEG 

AnGL l » 

L 1HEOAL 

* F I XEC* 

7. C 

DEG 

A nGl E » 

iNCl CENCc 

* F I X F C* 

1.5 

DFG 

A 1 kF C I L 

SECT IC N * ROUT 

*F I XEC* 

008-64 


A 1 kF C i L 

SlC I aCN f TIP 

*F IXEC* 

008-64 



A-. tWO A MASS P REP E R T i ES 
FLibFT CCND1T1GN 
tJp.ol I Ln LNUG (W/tuK PL) 
OKdI Tl k LNDb t W/J PL) 
m I No * E I LH T 
I P d RE I oh T 


WEIGHT < L E ) 
El68d9.8 
176889. H 
20 3 6 7 . 7 

<t 0 4 1 6 • 0 


>-CG (FT) 
75.C59 
78 . C 50 


x-cr, (pc u 

68.497 

71.226 


5. PRINCIPAL PARAMETERS 
X — SCAlL FACTOR 
Y-SCALE FACTLR 

DISTANCE TU LEADING EDGE OF FXPUSFC hi, MG 


S C L X = 1.4000 
S C L Y - 1.6C00 
X C F = 4 5 7.008 IN 


6. LAND! vjo PcRFCK MANGE 

MINIMUM LAND INb oPEED (W/40K PL) 

STATIC MARGIN (SJdSCNIC) U/40K PL) 
o T AT I C MAkGIN ( SJbSLNIC ) ( W/C PL) 

T r. I M LIFT CLEF Foa LANDING (AIPhA=17 DEG) 


L29.3 KT 
-.0762 
-.0310 
.634 * 


7. 


HYPERSONIC AtrULYNAMlL T R I M 
TRIM ANGlE C F A 1 1 a C K AT 


LATA 

lL E VC N = — 4 a DFG 


26.57 Ob G 
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APPENDIX - Continued 


ODIN Wing W 2 5 


I. 


2 . 


3. 


4. 


OVERALL CCNF IGURAT ICN 


AREA, PLANFCRM (SET) 




6656.6 


LENGTH, NOSE TO WING LE AT BODY 




450.04 

IN 

LENGTH, NOSE TO WING C/4 




923.35 

IN 

ANGLE, GROUND PLANE 



*F IXFC* 

17.00 DEG 

FUSELAGE 






ARtA, WETTED 



*F I XED* 

6307.0 

SFT 

LENGTH, NUSE TU END OF BODY 



* F 1 X E C* 

1315.0 

IN 

WI NG 






AREA, THEORETICAL OR TOTAL 




6903.8 

SFT 

AREA, ElEVON 




1166.1 

SFT 

SPAN 




1288.8 

IN 

CHORD, MEAN AERODYNAMIC 




906.00 

IN 

CHORD, CENTERLINE RuOT 




1329.4 

IN 

CHORD, TIP 




213.31 

I N 

TAPER RATIO, TFcJRETICAL 




.16045 


ASPECT RATIO, THEORETICAL 




1.6708 


ASPECT kATIO, EXPOSED SPAN 




1.5882 


ANGLE, LEADING EU^E S*EEP 




59.998 

OEG 

ANGLE, TRAILING EDGE SWEEP 



♦FIXED* 

0.0 

DFG 

ANGLE, 0 IhELRAL 



*F I XED* 

7.0 

OEG 

ANGLE, INCILENCE 



♦FIXED* 

1.5 

DEG 

AIRFCIL SECTION, ROOT 



*F I XEC* 

008-64 


AIRFOIL SECTION, TIP 



♦FIXED* 

008-64 


04 OA MASS PROPERTIES 






FLIGHT CONDITION WEIGHT (LB) 

X- 

CG ( FT ) 

X-CG (PC 

L) 

URtil TER LNJG (W/40K PL) 220549.2 

76 

.612 


69.914' 


ORBITER LNDG IW/O PL) 180949.2 

m 1NG WEIGHT 20769.3 

TPS WEIGHT 44073.9 

79 

• 6 79 


72.856 



5. PRINCIPAL PARAMETERS 
X-SCALE FACTOR 
Y- SC ALE FACTUR 

DISTANCE TO LEAD l NO EDGE OF EXPOSED WING 


SCL X = 1 . 6000 
SCL Y= 1.6000 
X0F = 4 50. 039 IN 


6. LANDING PERFORMANCE 

MINIMUM LANCING SPEED (W/40K PL) 129.0 KT 

STATIC MARGIN (SUBSONIC) (W/40K PL) -.0745 

STATIC MARGIN ( SUbSONIC ) (W/0 PL) -.0312 

TRIM LIFT CCEF FOR LANDING <ALPHA=17 DEG) .5678 

7. HYPERSONIC AERODYNAMIC TRIM DATA 

TRIM ANGLE CF ATTACK AT ELEVCN=-45 DEG 25.56 DEG 
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APPENDIX - Continued 


ODIN Wing W 26 


1. OVERALL CONFIGURATION 

AREA. PLANFUHM (5fT> 

LENGTH. NOSE TO WING le at boot 
LENGTH, NOSE fO WING C/A 
anGLf. GROUND plane — 


*FIXED* 


_370?.9 
642.36 'IN 
888742 IN 
17.00 DEG 


2. FUbELAGE 

AREA, wetted 

LENGTH. NOSE TO END OF" BOOT 


•FIXED* 


6S07.0 SFT 

r. (TTST - 


3. WING 


area « 


are a , 

SPAN 

"CHOFfOT 

CHORD. 


theoretical: 

ELEVON 


OR TOTAL 


MEAN AEKODTNAMT C 

centerline root 


ThORTvT 

taper 


TIP - 


THEORETICAL 
SPAN 


fl SPEC 1 RATIO." "EXPOSED 

LEADING EDGE SWEEP 

Edge sweep 


ANGLF * 

ANGLE » TRAILING 
angle* DIHEDRAL 


anGLf* 


AlREnlL 

AlPFnIL 


INCIDENCE 

SECTION. 


ROOT 

TIP 


3010.9 SFT 

450 - 97 5rT 

RTi9.R0 IN 

539.19 IN 

“792798 IN 

119.99 IN 

.15131 

2.0807 

1 .“9A 1 1 
54.790" OF G 
*F I XED* 0.0 OEG 

SfTxETT 5 7.0 DEG 

“FIXED* " l.S DEG 

•ETXED* 008-84 

•FIXED* 008^64 


4. 040 A MASS PROPERTIES 

fLIGh I COND IT ION weight (Lh) X-CG (F T 1 X-CG (PC L) 

ORBlTEP LNOG (W/40K PL) 19815878 71.412' " 65.169 

ORB ITER LNDG (W/O PL» ' 158158.8 73.835 67.380 

wTN6~ WEIGHT 15331.4 . _ ' 11 .I„_._lll 


TPS WEIGHT 26721.3 


5. principal Parameters 

x-scaLe factor 

SCLX = 


Y-SCALE FACTOR 

SCLY = 

1. 1000 

OlSTflNCF TO LEADING FDGE OF^EXPOSEn WING 

XUF = 

642*360 IN 





167*6 KT 

STATIC MARGIN (SUBSONIC) <W/4QK dL) 


-.0817 

S T AT I C m A 86 1 N TSUbSONIC) (W/G PL > 

TRIM LIFT COEF FOP LANDING <ALPHA=i7 DEG) 

— 

- . 0 27 s 
.6916 

7. HYPERSONIC AERODYNAMIC TRIM DATA 

TRIM ANGLE of ATTACK AT FLEV0N=-45 DEG 


44.09 OEG 
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APPENDIX - Continued 


ODEN Wing W 27 


OVtRALL CUNFIUyKAT ION 

length* nose to wing le at body 
1 ength* nose to wing c/4 


angle* ground plane 

2. FUSELAGE 

area. V/fTTED 

1 ength* nose to end of body 


4064 . 7 
630.36 IN 
BBS .34 IN 


*F IXEO* 17.00 DEG 


•fixed* 
•ft xed« 


630770 SET 
131S.0 IN 


3. WING 


area* theoretical or total 
area, el evon 

SPAN * 

chord, MEAN AERODYNAMIC 
CHORD, CENTERLINE ROOT 

CHORD, TIP 

TAPER RATIO, THEORETICAL 
ASPECT PATIO, THEORETICAL 
A5PECT RATIO, EXP05E0 SPAN 
ANGLE, LEADING EDGE SWEEP 


3356.9 
532. R6 
1085.4 
524.63 
770.74 


5FT 

SFT 

IN 

IN' 

IN 


TTRTW 
.15568 
2.4371 
2 . 2940 
50.172 


W 


OEG 



ANGLf 9 TRARING EDGE SWEfP^ 

•FIXED* 

0.0 

DEG 


ANGLF* DIHEDRAL 


'•fTXETT 5 '' 

7.0 

"DEG 


“ ANGLF* incidence 


•FIXED* 

1.5 

DEG 


AIRFOIL SECTTON, ROOT 

" 

•F I XED* 

008-b4 



AtRFoTL SECTION, TIP 


•FIXED* 

008-64 


4. 

040 A MASS PROPERTIES 







WEIGHT (L*) X-CG (FT) 

X-CG fPC 

tl 


ORB ITER LN0G (W/4QK p L ) 

201665.9 71.584 


65.32* 



nRBlTER LNDG (w/O PL) 

161665.9 73.996 


67.527 



WING WEIGHT 

17015.6 





TPS weight 

28544.3 




5. 

principal parameters 






X -scale FACTOR 


5CLX = 

.90000 



Y-SCaLE factor 


sclt= 

1.3000 



oTSTaNCF to leaoi ng edge 

OF EXPOSEn WING 

XOF=630 . 360 IN 

6 . 

LANDING PERFORMANCE 






MINIMUM LANDING SPEED ( W/40K PL) 


150.8 KT 



STATIC MARGIN (SUhSOnICJ 

(W/40K oL) 


-.0806 



"STATIC MARGIN (SUrSOnIC) 

(W/O PU 


“ . 0 25*4 



TRIM LIFT COEE EOp LANDING (ALPHA=V7 DEG) 


.7799 


7. 

HYPERSONIC AEROOYNAMIC TRIM 

DATA 





TRIM ANGLE OF ATTACK AT 

ELEVON=-45 DEG 


40.36 DFG 
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APPENDIX - Continued 


ODIN Wing W 28 


1. overall configuration 

' a RE A , PlaNFORM (SfT) ' 

I FN& [Hi nose TO wing le at body 

I FNGTH, NOSE TO WTNG C/4 
"NGLF»‘ GROUND PLANE 

2. FUSE! AGE 

area. wftTed 

i FNGTH, NOSE TO END OF BODY 


4426.5 
626.27 IN 
889.25 IN 
"FIXEO* 17.00 DEG 


"FIXED* 6307.0 SFT 

"FIXED* 1315.0 IN 


3. I* TNG 


kfa. 

ThFOWETICAL OR total 


3707.2 

SFT 


EI.EVON 


61^.95 

SFT 

sPA M 



122lY0 

IN 

pHOW 1 ■ • 

MfAN AERODYNAMIC 


513.96 

IN 

rPQPi . . 

rtNTERLINE ROOT 


754.43 

IN 

CHOP' . ♦ 

HP 


119.99 

IN 

tape- 

ratio, theoretical 


.15904 


> SPErT 

ratio, theoretical 


2.7927 


oS^ErT 

paTIO. EXPOSED Span 


2.6470 


A i L p" « 

LEADING edge SWEEP 


46.101 

OEG 

* 

TRAILING EDGE SWEEP 

♦FIXED* 

0.0 

OEG 

a N6L~ » 

dihedral 

♦FIXED* 

7.0 

DEG 

AMGLe 9 

INCIDENCE 

♦FIXED* 

1.5 

DEG 

T RF IL SECTION. ROOT 

♦FIXED* 

008-64 


' TRF-.iL SECTIUN, TI p 

♦FIXED* 

008-64 



A. ~ 4 'J A 'i AS f PROPERTIES 
r| I G- I CONOIT ION 
d&«I t ER LNDG (W/40K ->L) 
-A-'BITER LNDG (W/O PL) 
>‘TNG WEIGHT 
TRS .E T GHT 


WEIGHT (Lr> 

205152.2 

185152.2 

18888.4 

30377.7 


X-CG (FT) 

71.819 

74.238 


X-CG (PC L) 

65.540 

67.747 


5. pr i Nr t p ai parameters 

x - SC i" LE factor SCLX= .90000 

v-SC'LE FACTOR SCLY= 1.5000 

i'TST-NCf TO LEADI’iG EDGE OF EXPOSEn wlNG XOF=626.268 IN 

8. | AND i 1 iG -EPFORMANCt 

' ' r N I U M LANDING SPEE" (W/40* PL) 

STATIC haKGIN (SUBSONIC) <w/40K p>L) 

sTATtC 'ARGIN (SUhSONIC) (w/O RL) 

trim lift coef fop landing (alpha=»7 deg> 

7. HYPERSONIC aFRODYnaMIc TRIM DATA 

TRIM ANGLE oE ATTACK AT FL£VUN=-45 OEG 


138.7 KT 
-.0837 
-.0272 
.8492 


36.55 DEG 
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APPENDIX - Continued 


ODIN Wing W29 


1 , 

OVERALL CONF IGURAT ICN 

AREA. PLANFORM C’SFT) 



4587.3 



LENGTH. NOSE TO WING L E AT BODY 



580.70 

IN 


LENGTH i NOSE TO WING C/4 



892.35 

IN 

- 

ANGLE, GROUND PLANE 


♦FIXE D* 

17.00 1 

DEG 

2. 

FUSELAGE 






AREA, WETTED 


♦ FIXED* 

6307.0 

SFT 


.LENGTH, nose to end cf booy 


♦FIXED* 

1315.0 

IN 

3. 

WING 






AREA, THEORETICAL OR TOTAL 



4102.9 

SFT 


AREA, ELEVON 



651.40 

SFT 


SPAN __ 



.L085.4 

IN 


CHCPC, MEAN AERCCYNAMIC 



641.21 

IN 


CHORD, CENTERLINE ROOT 



942.01 

IN 


CHORD, TIP 



146.65 

IN 


TAPER RATIO, THEORETICAL 



. 15568 



ASPECT PATIO, THEORETICAL 



1 .9940 



ASPECT RATIO, EXPOSED SPAN 



i. 8769 



ANGLE, LEADING EDGE SWEEP 



55.692 

’ oeg~ 


ANGLE, TRAILING. EDGE SWEEP 


♦ FI XED* 

0.0 

DEG 


ANGLE, DIHECRAL 


♦FIXED* 

7.0 

DEG 


ANGLE, INCIDENCE 


♦ FI XED* 

1.5 

DEG 


AIRFOIL SECTION, ROOT 


♦FIXED* 

008-64 



AIRFOIL SEC TI ON. TIP *FI XED* ..008-64 


4. 040 A MASS PROPERTIES 


FLIGHT CONDITION. 
ORBITER LNDG (W/40K PL > 
ORBITER LNDG (W/0 PL ) 
WING WEIGHT 

WEIGHT (LB) 

205097.8 

165097.8 
17403 .0 

X-CG (FT) 

72.652 

75.274 

X-CG (PC L) 
66. 301 
68. 693 

TPS WEIGHT 


31588.8 



5. PRINCIPAL PARAMETERS 
X-SCALE FACTOR 
Y- SC ALE FACTOR 
DISTANCE TO LEADING 

EDGE 

OF EXPOSED WING 

SCL X= 1.1000 
SCLY* 1.3000 
XOF = 5 8.0 • 7 04 I N 

6. LANDING PERFORMANCE 

MINIMUM LANCING SPEEC (W/40K PL) 
STATIC MARGIN (SUBSONIC) (W/40K PL) 

STATIC MARGIN (SUBSONIC) (W/0 PL) 

TRIM LIFT COEF FOR LANDING (ALPHA*17 

DEG) 

150.3 KT 
-.0818 
-.0327 
.6537 


7. HYPERSCNIC AERODYNAMIC TRIM OATA 

TRIM ANGLE OF ATTACK AT ELEV0N=-45 DEG 


31.84 DEG 
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APPENDIX - Continued 


ODIN Wing W30 


1. OVERALL CONFIGURATION 

AREA, PLANFQRM tSFT) 

LENGTH, NOSE TO WING LE AT BODY 
LENGTH, NCSE TO WING C/4 
ANGLE, GROUND PLANE *FIXED* 


* F I XE D* 630 7.0 SF T 

♦ FIXED* 1315.0 IN 


2. FUSELAGE 

AREA, WETTED 

LENGTH, NCSE TO END OF BODY 


4326.0 _ 
601.69 IN 
885.01 IN 

17.00 DEG 


3. WING 

AREA, THEORETICAL OR TOTAL 
AREA, ELEVON 

SPAN 

~ CHORD, MEAN AERODYNAMIC 
CHORD, CENTERLINE ROOT 
CHORD, TIP 

TAPER RATIO, THEORETICAL 
ASPECT PATIO, THEORETICAL 
jASPECT RATIO, EXPOSED SPAN 
" ANGLE, LEAC'fNG EDGE SWEEP 
ANGLE, TRAILING EDGE SWEEP 
ANGLE, C I HE CP AL 
ANGLF , INCIDENCE 
AIRFOIL SECTION, ROOT 
A IR F_0 1 L SECT ION , T I P 


♦ FIXED* 

♦ FI XEO* 
♦FIXED* 

♦ FIXED* 
♦FIXED* 


3729.9 SFT 
592.18 SFT 
1085.4. IN 
582.92 IN 
856.38 IN 
133.32 IN 
.15568 
2. 1934 

2_.0646 

53. 10e DEG 
0.0 DEG 
7.0 DEG 
1.5 DEG 
008-64 
008-64 


4. 040A MASS PROPERTIES 
FLIGHT CONDITION 
ORBI T ER LNDG (W/40K PL) 
ORBITER LNOC- (W/0 PL) 

NLNG WEIGHT 

TPS HEIGHT 


WEIGHT (LB) 

203375.9 

163375.9 

17204.5 

30065.4 


X-CG (FT) 

72.052 

74.553 


X-CG (PC L) 
65. 753 
68.036 


5. PRINCIPAL PARAMETERS 
X- SC ALE FACTOR 
Y-SCALE FACTOR 

_ DISTANCE JO LEACIN G ED GE OF EXPOSE D W ING 


SCLX= 1.0000 
SCL Y= 1.3000 
X0F= 60 1.694 IN. 


6. LANDING PERFORMANCE 

MINIMUM LANCING SPEED (W/40K PL) 

STATIC MARGIN ( SU8S0NIC ) (W/40K PL) 

STATIC MARGIN (SUBSONIC) (W/0 PL) 

__ TR IM LIFT. C CEF .FURL AND I N G^ ALPHA=1 7DE G ) 

7. HYPERSONIC AERODYNAMIC TRIM DATA 

TRIM ANGLE OF ATTACK AT ELEV0N=-45 DEG 


149.6 KT 
-.0776 
-.0261 
.7195 


35. 82 DEG 
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APPENDIX - Continued 


ODIN Wing W31 


1 . 


2 . 


3. 


OVER ALL CONF IGLR AT ION 


AREA, PLANFORM ( $FT) 

LENGTH, NOSE TO WING LE AT BODY 


3883.8 

631*56 

IN 

LENGTH, NOSE TO WING C/4 


887.54 

IN 

ANGLE, GROUND PLANE 

♦FIXED* 

17.00 

CEG 

FUSELAGE 

AREA, WETTED 

♦FIXED* 

63C7.0 

SFT 

LENGTH, NOSE TO END OF BODY 

♦FIXED* 

1315.0 

IN 

MNG 

AREA, THEORETICAL CR TOTAL 


3183.3 

SFT 

ARFA, ELEVCN 


491.96 

SFT 

SPAN 


10 17.6 

IN 

CHORO, MEAN AERODYNAMIC 


531.30 

IN 

CHORD, CENTERLINE ROOT 


78C.93 

IN 

CHORD, TIP 


119.99 

IN 

TAPER RATIC, THEORETICAL 
ASPECT RATIO, THEORETICAL 
ASPECT RATIO, EXPOSED SPAN 
ANGLE, LEADING EDGE SWEEP 


. 15365 
2.2590 
2. 1176 
52 .409 

DEC- 

ANGIE, TRAILING EDGE SWEEP 

♦FIXED* 

0.0 

OEG 

ANGLE, DIHEDRAL 

♦FIXED* 

7.0 

CEG 

ANGLE, INCIDENCE 

♦FIXED* 

1.5 

OEG 

AIRFOIL SECTION, ROOT 

♦FIXED* 

008-64 


AIRFOIL SECTION, TIP 

♦FIXED* 

008-64 



4. 040 A MASS PROPERTIES 
FLIGHT CONDITION 
OP 8 IT ER LNCG (W/40K PL) 
O&BITER LNCG (W/0 PL ) 
WING WEIGHT 
TPS WEIGHT 


WEIGHT (LB) 

199915.0 

159915.0 
16177.7 
27631.3 


X-CG (FT) 

71.517 

73.940 


X-CG (PC L ) 

65.265 

67.476 


5. PRINCIPAL PARAMETERS 
X-SCALE FACTOR 
Y-SCALE FACTOR 

DISTANCE TO LEADING EDGE QF EXFCSED WING 


SCL X= • 900CC 
SCL Y = 1.20C0 
X0F=637 . 561 IN 


6. LANDING PERFORMANCE 

MINIMUM LANDING SPEED (W/40K PL) 

STATIC MARGIN (SUBSONIC) (W/40K PL) 

STATIC MARGIN (SUBSONIC) (W/C PL) 

T D I M LIFT CO E F FOR LANDING (ALPHAM7 DEG) 


159.2 KT 
-.0836 
-.0289 
. 73 1 <1 


7. FYPFP SONIC AERODYNAMIC TRIM CATA 

TRIM ANGLE OF ATTACK AT ELEV0N*-45 CEG 


41.53 DEG 
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APPENDIX - Continued 


ODIN Wing W 32 


ODIN SUMMARY CATA, GAO A 


PITCH. TRIM PROBLEM 
.90000 1.9000 52.322 


CYCLE 

4/27/72 


1 . 


OVERALL CCNFIGUF ATICN 

AREA, PLANFCRM ( SFT ) 
LENGTH, NOSE TO WING 
LENGTH, NOSE TO WING 
ANGLE, GROUND PLANE 


LE AT 
C/4 


BODY 


2 . 


FUSELAGE 

AREA, WETTED 
LENGTH, NOSE 


TC END CF BODY 


3. WING 


AREA, 

AREA, 

SPAN 

CHORD, 

CHORD, 

CHORD, 

TAPER 


THEORETICAL 

ELEVCN 


OR TOTAL 


MEAN AERODYNAMIC 
CENTERL I HE ROCT 
TIP 

RATIO, THEORETICAL 


ASPECT RATIO, THEORETICAL 
ASPECT RATIO, E>POSED SPAN 
ANGLE, LEADING EDGE SWEEP 
ANGLE, TRAILING EDGE SWEEP 
ANGLE, DIHEDRAL 
ANGLE, INCIDENCE 
AIRFOIL SECTION, ROOT 
AIRFOIL SECTION, TIP 


4. 040A MASS PROPERTIES 
FLIGHT CONDITION 

qrbj T ER LNDG (W/40K PL) 

ORBITER LNDG (W/0 PL) 
WING WEIGHT 
TPS WEIGHT 


WEIGHT (LB) 

203411.8 

163411.8 

17845.8 
29460.0 



4245.6 



627.66 

IN 


887.14 

IN 

♦FIXED* 

17.00 DEG 

*F I XED* 

6307.0 

SFT 

♦FIXED* 

1315.0 

IN 



3531.7 

SFT 


573.96 

SFT 


1153.2 

IN 


518.91 

IN 


762.00 

IN 


1 19.99 

IN 

_ ... ... 

. 15 74 6 



2.6150 




2.4705 



48.071 

DEG 

♦FIXED* 

0.0 

DEG 

♦FIXED* 

7.0 

DEG 

♦FIXED* 

1.5 

DEG 

♦FIXED* 

008-64 


♦FIXED* 

008-64 


X-CG (FT) 

X-CG (PC 

L) 

71.698 

65.430 


74.113 

67.634 



5. PRINCIPAL PARAMETERS 

X- SC ALE FACTOR 

Y-SCALE FACTOR 

DISTANCE TO LEADING EDGE OF EXPOSED WING 


SCLX= “.'90000 
SCLY= 1.4000 
XCF = 62 7 . 864 IN 


6. LANDING PERFORMANCE 

MINIMUM LANCING SPEED (W/40K PL) 

: STATIC MARGIN (SUBSONIC) (W/40K PL) 

STATIC MARGIN (SUBSONIC) (W/0 PL) 

TRIM LIFT COEF FOR LANDING (ALPHA=17 DEG) 

7. HYPERSONIC AERODYNAMIC TRIM DATA 

TRIM ANGLE OF ATTACK AT ELEV0N=-45 OEG 


1 44.3 KT 
-.0819 
-.0261 
.8164 


38.33 DEG 
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APPENDIX - Continued 


ODIN Wing W33 


T. OVERALL CONFIGURATION 


AREA, PLANFORM (SfT) 



380374 

LENGTH, NOSE TO WING 

LE AT BODY 


66T.70 IN 

LENGTH, NUSE TO WING 

C/4 


890.35 IN 

ANGLF » GRUUNO plane 


"FIXED* 



2# FuStLAUt 

AHtA* WETTtD 


*F1XED* 


length* NOst to end r 

)F BODY 

* FIXED* 



J. WING 

AREA, THEORETICAL OR~TUTAL 298470" SFT 



AREA, elevon 

' 1 - - ■ • — 

473.74 SFT 


SPAN 


1085.4 IN 


CHORD* MEAN AERODYNAMIC 


466*34 I~N 




' “CTS.HTTKr" 


CHORD » TIM “ 


1 06 * 66 I N 




.1556 A 


ASPECI RAtIO* THEORETICAL 


2.7417 


ASPECT RATIO, EXPOSED SPAN 


2.5808 


ANGLE ♦ LE*DING~EDGE SWEEP 


46.823 DEG 


ANGLf* TRAILING EDGE SWEEP " 

"FIXED* 

0 . 0 DFCi 


ANGLE* DIHEDRAL 

■MHHHJIllaraa 

7.0 OF 6 



"FIXED* 

1.5 OFG 


AIRFOIL SECTION, ROOT 

"FIXED* 

008-64 


AIRFOIL section, ttp 

"FIXED* 

008-64 


47~040A MASS "PROPERTIES 


FLI6HI CO NDITION WEIGHT (Ld) X-C6 (FT) X =CG (P C L) 


ORB I TER LNDO <W/4oK PL) 

I99<570.6 71.202 

— 

64.977 

ORBITER LN0G (W/O PL) 

159970*6 73*545 



67.115 

wing weight 

16838.4 


■■ 

TPS WEIGHT 

2702672^ 







t>. PRINCIPAL parameters — 

x-scale factor 


SCLX = 

.80000 

Y-SCaLE factor 


SCLY = 

1.3000 

DISTANCE TO LEADING EDGE 

OF exposed wing 

XOE = 

663.696 IN 






6. LANDING PERFORMANCE 



” 

MINIMUM LANDING SPEED (W/40K PL) 


153.8 KT 

STATIC MARGIN TSUpSONIC) 

(W/40K °L ) 


-•090 0 

S 1 A 1 [L M AtSb 1 N IbURSONIC) (W/O PL ) 

TRIM LIFT COEF FOP LANDING (ALPHA=)7 DEG) 

— 

-.0297 

.8366 


7. HYPERSONIC AEBODYNAMIc TRIM OATA 

TRIM ANGLE OF ATTACK AT ELEV0N=-45 DEG 


<♦5.66 DEG 
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APPENDIX - Continued 


ODIN Wing W27 (Modified) 


OVERALL CONFIGURATION 

AREA, PLANFORM (SFT ) 

LENGTH, NOSE TO WING LE AT BODY 
LENGTH, NOSE TO WING C/4 

ANGLE, GROUND PLANE . *FI XED* 


FUSELAGE 

AREA, WETTED 

LENGTH, NOSE TO END OF BODY 


♦FIXED* 

♦FIXED* 


WING _ 

AREA, THEORETICAL OR TOTAL 

AREA, ELEVON 

SPAN 

CHORD, MEAN AtROOYNAMIC 
CHORD, CENTERLINE ROOT 
CHORD, TIP 

TAPER RATIO, THEORETICAL 
ASPECT RATIO, THEORETICAL 
ASPECT RATIO, EXPOSED SPAN 
ANGLE, LEADING EDGE SWEEP 
ANbLE, TRAILING EDGE SWEEP 
ANGLE, DIHEDRAL 
ANbLE, INCIDENCE 
AIRFOIL SECTION, ROOT 
AIRFOIL SECTION, TIP 


♦FIXED* 

♦FIXED* 

♦FIXED* 

♦FIXED* 


040A MASS PROPERTIES 
FLIGHT CONDITION 
ORBITER LNDG (W/40K PL) 
URBITER LNDG IW/O PL) 
WING w E I GH T 
TPS WEIGHT 


WEIGHT (LB) X-CG (FT) 

201478.4 71.606 

161478.4 74.027 
16828. 1 

28544.3 


PRINCIPAL PARAMETERS 
X— SCALE FACTOR 
Y-SCALE FACTOR 

DISTANCE TO LEADING EDGE OF EXPOSED WING 


SCLX = 
SCLY= 
XOF = 


LANDING PERFORMANCE 

MINIMUM LANDING SPEED (W/4QK PL) 

STATIC MARGIN (SUBSONIC) (W/40K PL) 

STATIC MARGIN (SUBSONIC) (W/0 PL) 

TRIM LIFT COEF FOR LANDING (ALPHA=17 DEG) 

HYPERSONIC AERODYNAMIC TRIM DATA 

TRIM ANGLE OF ATTACK AT ELEV0N=-45 DEG 


4182.2 
628.13 IN 
889.39 IN 
17. 00 DEG 


6307.0 SFT 

1315.0 IN 


3535.1 SFT 
646.66 SFT 
1085.4 IN 
555.61 IN 
818.02 IN 
119 .99 IN 
. 14668 
2.3143 
2.1747 
50.172 DEG 
-7.0 DEG 
L.0 DEG_ 
1.5 DEG 
008-64 
008-64 


X-CG. (PC U 

65.346 

67.555 


.90000 
1.3000 
628.134 IN 


150.0 KT 
-.0804 
-. 0281 
.7480 


40.81 DEG 



APPENDIX - Concluded 
ODIN Wing W33 (Modified) 


OVERALL CONFIGURATION 

lengih! nose 10 nine cm 

ANGL E»__GK 0 UN 0 P LANE 


*F I XED*. _ 


fuselage 

TO END OF BOOT 


♦FIXED* 

♦FIXED* 


MING 


THEORtf ICAL 
fcLEVON 


OR TOTAL 


AREA. 

AR E Ai 
SPAN 

CHORD* MEAN AERODYNAMIC 
CHORD* CENTERLINE ROOT 

chord* jrjP -v-.r-Ai — 

TAPER RATIO* THEORETICAL 
ASPECT ratio, theoretical 
RAT 10. EXPOSED SPAN 

leading edge sweep 
trailing edge sweep 

dihedral . 

incidence 

SECTION, ROOT 
SECTION, tip 


ASPECT 
ANGLE , 
ANGLE . 

angle * 
ANGLE. 
airfoil 
airfoil 


♦FIXED* 
♦Ft XED* 
♦FIXED* 
♦FIXED* 


040A MASS PROPERTIES 

flight condition 

ORB I TER LNDG (WMOK. PL) 

URBITER LNDG (W/0 PL) 
WING WEIGHT 
TPS WEIGHT 


WEIGHT l LB ) 
199609- D 
159609.0 
16476. 8 
27026.2 


X-CG (FIX 
71.181 
73.523 


5. PRINCIPAL PARAMETERS 
X-SCALE FACTOR 
Y-SCALE FACTOR 
DISTANCE TO LEADING 


EDGE OF EXPOSED WING 


SCLX 

SCLY 

XOF 


LANDING PERFORMANCE .. p. . 

^r L ."r^"pU KU-i, obo, 

n,Pt *K“‘ AWu“ri'I 1 IAC 1 K f> iT -UEVDN-FB DEG 


4069.3 
651.70 IN 
892.80 IN 
17.00.DEG_ 


6307.0 SFT 

1315.0 IN 


3387.1 SFT 
731.03 SFT 
1085.4 IN 
536.52 IN 
792.09 IN 

1 06 . 66_.I_N._-. 

.13465 
2.4154 
2.2896 
46.825 OEG 
-XI. 0 DEG 
7.0 DEG 
1.5 DEG 
008-64 
008-64 


X-CG LPC.kX 

64.958 

67.096 


.80000 
1.3000 
651.696 IN 


149.9 KT 
-.0804 
-.0280 
.7742 


48.90 DEG 
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APPENDIX - Continued 


ODIN Wing W 33 


T. OVERALL CONFIGURATION 



area, PlaNFORM (SfT) 


3803.4 


LENGTH, NOSE TO WING LE AT BODY 


663.70 IN 


LENGTH, NOSE TO WING C/4 


890.35 IN 


anglf* ground plane 

*FlXED* 

17.00 OEG 


c. 

FUotLAut 




AREA* Wf T^ED 

"FIXED* 




~~ *FTXED*'“ 

1315,0 TN— 







area, theoretical or total 


2984.75 3FT~ 


area, elevon - 


473.74 SFT^ 


span ■ — — 


1085.4 IN 


CHORD, mean AERODYNAMIC 


466.34 IN 


chord » CENTERLINE ROOT 


685.10 IN 


CHORD* TIR 




TAPER RATIO, THEORETICAL 


. 15568 




2.7417 


ASHtCI R A 1 1 0 1 EXPOSED SPAN 


“ 2.58 08 


ANGLE* LEADING EDGE SWEEP 


96.825 OEG 


ANGLE* TRAILING EdGT SWEEP 

"FIXED* 

0 . 0 OF G ' 


ANGLE* DIHEDRAL 

"FIXED* 

7.0 DFG 


anglf* incidence 

"FIXED - * 

1.5 OFG 


AIRFOIL SECTION* ROOT 

"FIXED* 

008-64 


AIRFOIL SECTION* TIP 

"FIXED* 

008-64 


4. 040A MASS PROPERTIES 

flighi condition weight <lp> X-CG <F T ) 

ORB ITERTNDO (W/40K PL ) 199970.6 71.202 

ORBITER LNOG (W/0 PL) r59T7T7& 79. 54*5 

WING WEIGHT “ 1683874 

TPS WEIGHT ^ ““ 27026.2 


X-CG (PC Cl 

64.977 

67.11s 


5. pr incipal parameters 




x-scale factor “ 

SCLX= 

.80000 




Y-SCaLE FACTOR 

SCL Y= 

1.3000 


nISTANCE TO LEADING FDGE OF EXPOSE D WING" " X0F=663.696 in 


6. landing performance 

MINIMUM LANDING SPEED (W/40K PL) 153.8 KT 

STATIC MARGIN < SUBSONIC) <W/40K"oL> -.090n 

STATIC MARGIN TSUrSONIC) (W/0 PU -.0297 

TRIM LIFT COEE FOP LANDING (ALPHA=i? DEG) " ' .8386 


7. HYPERSONIC AEBODYNAMIC TRIM DATA 

TRIM ANGLE OF ATTACK AT ELEV0N=-45 DEG 95.66 OEG 
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APPENDIX - Continued 


ODIN Wing W34 


OVEFALL CONFIGURATION 

AREA, PLANFORM ( SF T ) 

LENGTH, NOSE TO WING LE AT BODY 
LENGTH, NOSE TO WING CM 
ANGLE, GROUNC PLANE 

FUSELAGE 

APEA, WETTEO 

LENGTH, NOSE TO END CF BODY 

WING 

APEA, THEORETICAL CR TOTAL 

AREA, ELEVEN 

SPAN 

CHCPD, MEAN AERODYNAMIC 
CHfPD, CENTERLINE ROOT 
CHORD, TIP 

TAPFR RATIC, THEORETICAL 
ASPECT RATIO, THEORETICAL 
ASPECT RATIO, EXPOSED SPAN 
ANGLE, LEACING EDGE SWEEP 
ANGLE, TRAILING EDGE SWEEP 
ANGLE, DIHEDRAL 
ANGLE, INCIDENCE 
AIRFOIL SECTION, ROOT 
AIRFOIL SECTION, TIP 



3260.7 



7C6.16 

IN 


05 5.99 

IN 

♦FIXED* 

17.00 

DEG 


*F IXED* 

63C7.0 

SF T 

♦FIXED* 

1315.0 

IN 



2341.8 

SFT 


350.75 

SFT 


945.80 

IN 


415.37 

IN 


616.76 

IN 


93.324 

.15131 

2.6752 

2.4957 

IN 


47.782 

DEG 

*F IXED* 

0.0 

DEG 

♦FIXED* 

7.0 

DEC- 

♦FIXED* 

1.5 

CEG 

♦FIXED* 

OC £-64 


♦FIXED* 

008-64 



C40A MASS PROPERTIES 
FLIGHT CONDITION 
ORBITFR LNCG (WMOK PL) 
ORBITER LNCG IW/O PL ) 
KING WEIGHT 
TPS WEIGHT 


WEIGHT (LB) X-CG (FT) 

195 126.5 70.687 

15512E.5 72.970 

149 39.6 
24082.8 


X-CG (PC L) 
64.5C7 
66. 551 


PRINCIPAL PARAMETERS 
X-SCALE FACTOR 
Y-SCALE FACTOR 
DISTANCE TO LEADING EOGE CF 


SCLX= . 700C0 
SCLY = 1.10C0 

EXPOSED WING X0F = 706. 163 IN 


LANDING PER FOR NANCE 

MINIMUM LANDING SPEED (WMOK PL) 

STATIC MARGIN (SUBSONIC) ( WMCK PL) 

STATIC MARGIN (SUBSONIC) (W/C PL) 

T°IM LIFT CO EF FOR LANDING (ALPHA=17 OEG ) 


171.4 KT 
-.0940 
-.0286 
.8380 


HYPERSONIC AERODYNAMIC TRIM 
TRIM ANGLE OF ATTACK AT 


CATA 

ELEV0N=-45 


DEG 


59. 1C DEG 



APPENDIX - Continued 


ODIN Wing W 35 


1. OVERALL CCNF IGLP AT ION 

AREA, PLANFORM ( SF T ) 

LENGTH, NOSE TO WING LE AT BODY 
LENGTH, NOSE TO WING C/A 
ANGLE, GRCUNO PLANE 


3 AC 1.4 
699.20 IN 
893.63 IN 
♦FIXED* 17.00 DEG 


2. FUSELAGE 

APEA, WETTED 

LENGTH, NOSE TO END CF BODY 


♦FIXED* 6307.0 SFT 

♦FIXED* 1315.0 IN 


3. WING 

AREA, THEORETICAL CR TOTAL 

AREA, ELEVON 

SPAN 

CHORD, MEAN AEROOYNAM IC 
CHORD, CENTERLINE ROOT 
CHORD, TIP 

TAPER RATIO, THEORETICAL 
ASPECT RATIO, THEORETICAL 
ASPECT PATIO, EXPOSED SPAN 
ANGLE, LEAOING EDGE SWEEP 
ANGLE, TRAILING EOGE SWEEP 
ANGLE, DIHEDRAL 
ANGLE, INCICENCE 
AIRFOIL SECTION, ROOT 
AIRFOIL SECTION, TIP 



2475.9 

SFT 


382.64 

SFT 


10 17.6 

IN 


413.23 

IN 


6C7.39 

IN 


93.324 

IN 


.15365 

2.9044 

2.7226 

45.294 

DEG 

*F IXED* 

0.0 

DEG 

♦FIXED* 

7.0 

DEG 

♦FIXED* 

1.5 

DEG 

♦FIXEO* 

008-64 


♦FIXED* 

OC 8-64 



A. OAOA MASS PROPERTIES 
FLIGHT CONDITION 
CRBITER LNCG (W/40K PL) 
OPBITER LNDG (W/C PL) 
WING WEIGHT 
TPS WEIGHT 


WEIGHT (LB) 
196714.8 
156 7 1 A .8 
158 12.6 
2A796.1 


X-CG (FT) 
70 .746 
73.021 


X-CG (PC L) 

64.561 

66.627 


5. PRINCIPAL PARAMETERS 
X-SCALE FACTOR 
Y-SCALE FACTOR 

DISTANCE TO LEADING FDGE OF EXPOSED WING 


SCLX= . 700C0 
SCLY = 1.20C0 
XOF =699. 1 98 IN 


6. LANDING PERFORMANCE 

MINIMUM LANDING SPEEC (W/40K Pt ) 163.4 KT 

STATIC MARGIN (SUBSONIC) ( W/4CK PL) -.0949 

STATIC MARGIN (SUBSONIC) (W/C PL) -.0269 

TP!” LIFT CO EF FOR LANDING (ALPHA»17 DEG) .8787 

7. HYPERSONIC AERODYNAMIC TRIM CATA 

TRIM ANGLE CF ATTACK AT ELEV0N*-45 DEG 56.69 DEG 
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APPENDIX - Continued 


ODIN Wing W 2 7 (Modified) 


I. OVERALL CONFIGURATION 

AREA, PLANFORM (SFT) 

LENGTH, NOSE TO WING LE AT BODY 
LENGTH, NOSE TO WING CM 
ANGLE, GROUND PLANE 


A 1 82. 2 
628.13 IN 
889.39 IN 
*F I X ED* 1 7. 00 DEG 


2. FUSELAGE 

AREA, WETTED *FIXED* 6307.0 SFT 

LENGTH, NOSE TO END OF BODY *FIXED* 1315.0 IN 


3. WING _ 

AREA, THEORETICAL OR TOTAL 

AREA, ELEVON 

SPAN 

CHORD, MEAN AtRODYNAMIC 
CHORD, CENTERLINE ROOT 
CHORD, TIP 

TAPER RATIO, THEORETICAL 
ASPECT RATIO, THEORETICAL 
ASPECT RATIO, EXPOSED SPAN 
ANGLE, LEADING EDGE SWEEP 
ANGLE, TRAILING EDGE SWEEP 
ANGLE, DIHEDRAL 
ANGLE, INCIDENCE 
AIRFOIL SECTION, ROO T 
AIRFOIL SECTION, TIP 


3535.1 SFT 
646.66 SFT 
1085.4 IN 
555.61 IN 
818.02 IN 

11?, 99 I*. 

. 14668 
2.3143 
2.1747 
50.172 DEG 
-7.0 DEG 
♦FIXED* L»0_ DEG. 

♦FIXED* 1.5 DEG 

♦FIXED* 008-64 

♦FIXED* 008-64 


4. G40A MASS PROPERTIES 
FLIGHT CONDITION 
ORB ITER LNDG (W/40K PL) 
URBITER LNDG (W/0 PL) 
WING WEIGHT 
TPS WEIGHT 


WEIGHT (LB) 

201478. 4 

161478.4 
16828. 1 
28544.3 


X-CG (FT) 

71.606 

74.027 


X-CG. (PC. U 

65.346 

67.555 


5. PRINCIPAL PARAMETERS 
X-SCALE FACTOR 
Y-SCALE FACTOR 

DISTANCE TO LEADING EDGE OF EXPOSED WING 


SCLX = .90000 
SCLY= 1.3000 
X0F=628. 134 IN 


6. LANDING PERFORMANCE 

MINIMUM LANDING SPEED (W/40K PL) 150,0_KT 

STATIC MARGIN (SUBSONIC) (W/40K PL) -.0804 

STATIC MARGIN (SUBSONIC) (W/0 PL) -.0281 

TRIM LIFT COEF FOR LANDING (ALPHA=17 DEG) .7480 

7. HYPERSONIC AERODYNAMIC TRIM DATA 

TRIM ANGLE OF ATTACK AT ELEV0N=-45 DEG . 40.81 DEG 
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APPENDIX - Concluded 


ODIN Wing W 33 (Modified) 


1. OVERALL CONFIGURATION 

ARfcA, PLANFORM ( SFT ) 

LENGTH, NOSE TO WING LE AT BODY 
LENGTH, NOSE TO WING C/A 
ANG LE, GR OUNO PLANE 

2. FUSELAGE 

AREA, WETTED 

LENGTH, NOSE TO END OF BODY 


3. WING 

AREA, THEORETICAL OR TOTAL 
AREA, ELEVON 
SPAN 

CHORO, MEAN AERODYNAMIC 
CHORD, CENTERLINE ROOT 

CH ORD, TIP _ 

TAPER RATIO, THEORETICAL 
ASPECT RATIO, THEORETICAL 
ASPECT RATIO, EXPOSED SPAN 
ANGLE, LEADING EDGE SWEEP 
ANGLE, TRAILING EDGE SWEEP 

ANGLE, DIHEDRAL 

ANGLE, INCIDENCE 
AIRFOIL SECTION, ROOT 
AIRFOIL SECTION, TIP 

A. 040A MASS PROPERTIES 
FLIGHT CONDITION 
ORB I TER LNDG ( W/40K PL) 

OKBITER LNOG (W/O PL) 

WING WEIGHT 
TPS WEIGHT 

5. PRINCIPAL PARAMETERS 
X- SCALE FACTOR 
Y-SCALE FACTOR 
DISTANCE TO LEADING EDGE OF EXPOSED WING 


WEIGHT 1 LB ) 

199609.0 

159609.0 
16476.8 
27026.2 


X-CG (I 

7i.iai 

73.523 



4069. 3 



651.70 

IN 


892.80 

IN 

♦FIXEO* 

17.00 1 

DEG 

♦FIXED* 

6307.0 

SFT 

♦FIXED* 

1315. 0 

I N 

— 

3387.1 

SFT 


731.03 

SFT 


1085.4 

IN 


536.52 

IN 


792.09 

IN 


106.66 

IN 


. 13465 



2.4154 



2.2896 



46.825 

DEG 


- 11.0 

DEG 

♦FIXED* 

7.0 

DEG 

♦FI XEO* 

1.5 

DEG 

♦FIXED* 

008-64 


♦FIXED* 

008-64 


T) 

X-CG CPC 

_L) 


64.958 



67.096 


SCLX- 

.80000 

... ... 

SCLY = 

1.3000 



X0F=65l . 696 IN 


6. LANDING PERFORMANCE 

j MINIMUM LANDING SPEED IW/40K PL) 149.9 KT 

STATIC MARGIN (SUBSONIC) (W/40K PL) -.0804 

STATIC MARGIN (SUBSONIC) (W/O PL) -.0280 

Trim LIFT COEF FOR LANDING (ALPHA=17 DEG) .7742 


7. HYPERSONIC AERODYNAMIC TRIM DATA 

TRIM ANGLE OF ATTACK AT _EJ.EVQN=-45 DEG 48,90 DEG 
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